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INTRODUCTION  
 
Scrapie infected sheep are the only practicable source of realistic quantities of blood for 
the efficient development and validation of tests and devices for the management of 
transfusion risks from TSEs in humans and our domestic animals.  To meet this need, a 
standardized reference material and development resource for blood-based TSE 
diagnostics was created from blood of scrapie infected sheep.  A flock of ~250 sheep 
genetically selected for high susceptibility to scrapie and indigenously infected with field 
scrapie strains naturally acquired in agricultural settings or from within the flock was 
supported by subcontract.  During the terminal stage of disease, scrapie affected animals 
were euthanized by exsanguination and the blood separated into components and stored 
frozen.  Approximately, 100 liters of plasma was later pooled and  realiquoted into 1 liter 
or smaller portions for use as a consistent, homogeneous, standard source of blood 
infectivity.  A doubly transgenic mouse, tgshp, overexpressing the sheep prion gene on a 
mouse PrP knockout background was used to measure the concentration of scrapie 
infectivity in this pool and a whole blood pool prepared in parallel.  Titration was by  the 
limiting dilution method developed by our laboratory for quantitation of TSE infectivity 
in low titer materials such as blood and urine.  Three hundred tgshp mice were inoculated 
with plasma and two hundred with whole blood.  After 18 months there were no 
infections.  Subsequent analysis showed some heterogeneity in the tgshp mouse genetics 
that weakened the result but could not however, account for the lack of infections.  Other 
investigators, concurrently showed that both scrapie and BSE can be transmitted by 
transfusion of 50 mls or more of whole sheep blood back into sheep.  These same-species 
transmissions in sheep have established that there is TSE infectivity in the blood of TSE 
infected sheep.  Therefore, the lack of infections in the tgshp mice is most likely due to 
insufficient sensitivity of tgshp to cross-species infection from sheep to mouse.  Other 
sheep transgenics may be more sensitive but there is no comparitive data using a single 
reference material by which to rank them.  To meet this need we prepared a sheep scrapie 
brain derived reference material and are currently negotiating access to other ovinized 
transgenics to make such a comparison.  We are also offering aliquots of the sheep 
plasma pool to any laboratory that will attempt a measurement on their premises.   The 
current status of this project is that we have produced a resource of great value for its 
consistency and abundance and we and others are using it as a development resource with 
the expectation that it contains TSE infectivity.  However, the material still lacks 
validation that it does in fact contain infectivity.  Moreover, its value would be greatly 
increased if the level of infectivity could be quantified.  
 
 
BODY  
 
History:  This project originated as a proposal to apply a radical new transposon 
technology developed by TOSK Inc. to introduce the human, sheep, and other prion 
genes into golden Syrian hamsters and to use the new transgenic animals both to measure 
the concentration of blood-associated infectivity in naturally infected hosts compared to 
rodent models, and also as a source of TSE infected blood with the PrP phenotype of the 



transgene donor for diagnostic development.  Hamsters have the advantage of an 8 fold 
larger blood volume  compared to mice ( a serious technical limitation of the mouse 
model for blood studies).  If cross-species transmissions occurred in the transgenics, it 
would confirm the presence of infectivity in the blood of the naturally infected hosts.  If 
concentrations were similar to those in rodents it would validate, extend, and generalize 
our prior observations on blood infectivity in rodents to relevant TSE-affected species, 
and provide a means of direct measurement of blood infectivity in those species.  The 
transgenics would also be a consistent source of TSE infected blood with the correct 
species-specific PrP for diagnostic development.  Unfortunately, TOSK suspended 
transposon-based transgenics services in 2004 without explanation. To date no hamster 
transgenic has been produced either by conventional or transposon based techniques. 
Once it became clear to us that the new technology was not going to produce a transgenic 
hamster model, we reverted to the fall back position that we had proposed in the original 
submission which was to base our transmission attempts on conventional mouse 
transgenics.  After consultation with NPRP personnel, a revised statement of work was 
submitted and approved and this report as is based on that revision.  
 
Background:  Our laboratory developed an innovative method of TSE infectivity 
measurement, called limiting dilution titration,  that was far more sensitive and precise 
than all earlier methods.  Using this method we showed that the concentration of TSE 
infectivity in scrapie infected rodent blood during symptomatic disease was only 10 
infectious doses (ID)/ml and even less during the lengthy preclinical incubation period. 
Detection of 10 ID/ml or less, is a challenging problem even for conventional viruses  
which elicit antibodies and contain PCR detectable nucleic acids.  TSE diseases have 
neither.  Moreover, in blood, the normal form of the prion protein is present at 10,000 to 
100,000 greater concentration than infectious conformer(s).  First generation blood tests, 
or at least the proof of principle for such tests,  might require an entire unit or more of 
blood to obtain sufficient PrPres mass for detection.  TSE infected human blood is far too 
scarce, too valuable and too heterogeneous  for use in development applications.  The 
study of rodent blood has been very productive, and our laboratory has produced unit 
quantities (500 mls) of hamster blood for specific experiments, but it was costly and 
would not be practical for wide scale use.  We estimate that production of unit quantities 
of blood from mice would be at least 10 times more costly than from hamsters.  A source 
of TSE infected  blood that could be obtained on the human scale would greatly facilitate 
the development, validation and comparison of new diagnostics and devices and any 
other strategy to manage the risks from TSE infected human blood.  The only practicable 
source of TSE infected blood in the quantities required is from sheep.   
 
Based on our experience with rodent models, the key elements required for a useful sheep 
model are: 1. A source of TSE infected sheep, preferably naturally infected.  2.  A 
sensitive and specific monoclonal antibody against sheep prion protein.  3.  A transgenic 
mouse sufficiently sensitive to sheep TSE infectivity to be infectable at the low level of 
TSE infectivity expected in blood.  To obtain quantitative measurements of the 
concentration of TSE infectivity in sheep blood, the transgenic mouse would have to be 
as sensitive to infection by sheep scrapie as is a sheep.  There could be no remaining 
species barrier to infection.  It is not known whether any PrP transgenic, for any species, 



yet meets this criteria.  A stringent test for this level of sensitivity would be detection of 
infectivity in blood or plasma of the transgene donor in a limiting dilution titration.  
 
Preliminary results   In the late 1990’s we established a collaboration with Dr. Marie 
Bulgin at the University of Idaho, Caine Veterinary Center in Caldwell, Idaho, who 
supplied us with scrapie infected sheep blood and other tissues on a small scale.  From 
2000 through 2005 we were awarded an NIH contract for diagnostics development that 
included funds for development of a sheep source of TSE infected blood.  We had by 
then already recognized the considerable heterogeneity between the blood and plasma 
collected from individual sheep (and humans) and its confounding effects on the 
interpretability of diagnostic assay development.  We needed a consistent source of blood 
and plasma.  Whole blood proved impractical because it can not be stored as such.  We 
decided to establish a plasma pool that was large enough that it could supply an extensive 
development effort at a scale of 100 ml aliquots.   Through a subcontract with the Caine 
Veterinary Center, animals with terminal scrapie were euthanized by exsanguination and 
the blood express mailed to our laboratory where it was characterized and then separated 
into components and stored frozen.  Under a subcontract to the Institute for Basic 
Research in New York we funded the development of antisheep PrP monoclonal 
antibodies resulting in several excellent antibodies including 4B4 and 7D9.   Our 
subcontract with the Institute for Basic Research also supported the development of a 
conventional transgenic mouse carrying the sheep PrP gene on a mouse PrP gene knock 
out background, i.e. the tgshp mice contained multiple copies of the ovine PrP gene and no 
copies of the mouse PrP gene.   
 
In the subsequent section we will report on the progress made on each element in the 
statement of work.          
 
Revised item of work 1. Support the scrapie infected flock at the Caine Veterinary Center 
at a sustainable, if reduced, number of animals consistent with the funding. We would 
recommend halving the total number of animals to fifty. Support the continued genetic 
monitoring of Dr. Detwiler’s control flock. 
 
NPRP funding supported a subgroup of 50 animals from the scrapie infected Caine 
Veterinary Center sheep flock of 250 or so animals.  It was uncertain whether a flock of 
only 50 animals would sustain the same high rate of natural infection as the larger flock 
and other sources of funding were found for the remaining animals.  BREF was offered 
blood and other tissues from most of the sheep succumbing to scrapie.  Sheep were  
originally bred for the scrapie susceptible ARQ genotype that is most common in North 
America.  However, subsequent to the discovery in this flock of an even greater 
susceptibility of the VRQ genotype to oral infection, the likely route of natural infection, 
the breeding has been redirected to enrich for codon 136 V. (Table 1) (Publication 1)   
The sheep are at high risk of developing scrapie from natural exposure within the flock 
and virtually all ARQ and VRQ animals eventually develop scrapie. The flock produced 
15 to 20 cases of naturally acquired sheep scrapie per year. Scrapie diagnosis was 
confirmed by clinical symptoms and IHC test (Table 2).   These animals supplied the 



tissues given in Table 3.   Some of the genetics were conducted by Dr. Jurgen Richt, 
USDA, ARS, while the balance was funded from other sources. 
 
 

Table 1.  Genetic composition of BREF flock 
years genotype Percent 

AARRQQ 34.0 
AVRRQQ 44.6 
VVRRQQ 10.2 9/1/05 - 8/31/06 

other 11.3 
AARRQQ 29.5 
AVRRQQ 48.2 
VVRRQQ 14.4 

other 7.9 
9/1/06 - 8/31/07 

  
 

Table 2.  Clinical cases of scrapie in Caine Veterinary Center flock 
 Entire flock BREF animals 

year natural 
infections 

experimental 
infections 

natural 
infections 

experimental 
infections 

2005-2006 21 14 20 7 
2006-2007 17 27 15 13 

 
Table 3.  Infected sheep tissues 9/2005 to 9/2007 
 All investigators BREF  

Tissue   
Blood, mls 129,290 65,270 
Urine, mls 4,520 4,520 

Tissue, gms 1488.5 65 
 
 
 
 
Revised item of work 2. Pool, and bring to homogeneity the sheep plasma and separately 
the frozen whole blood that we have collected over the last five years and redistribute 
each into aliquots that will serve as a common TSE infected blood reference material.  
 
Over 200 liters of blood was collected by exsanguinations of terminally affected animals 
over the course of this project.  Each collection was characterized for cellular 
composition and hemoglobin on a Hemovet five part differential analyzer calibrated for 
sheep blood.  It was then separated into components by centrifugation and the 
components either used immediately in assay development or stored at ≤ 80°C until later 
use.  In 2006 over 100 liters of accumulated plasma was used to create three separate 
pools to serve as standard reference materials.  Plasmas collected from naturally infected 
animals were pooled according to hemoglobin levels.  The larger pool contained plasmas 
with very low levels of hemoglobin and a smaller pool contained plasmas with noticeably 



visible hemoglobin. A third pool was created from plasmas collected from animals that 
had been experimentally inoculated with scrapie by the oral route.     
 
Each plasma was thawed under controlled conditions specified by the American Red 
Cross for preparing human plasma pools.  All plasma aliquots collected from a single 
animal were then pooled individually and analyzed for hemoglobin content 
spectrophotometrically as a measure of hemolysis.  Three 50 ml aliquots of each 
individual plasma were then removed and stored separately at ≤ 80°C.  The individual 
plasmas were then pooled in a large vessel, gently stirred for ≥ 5 minutes before 
redistribution into aliquots of 100, 500 and 1000 ml and refreezing at ≤ 80°C.  Some of 
the plasmas from naturally infected animals contained much more hemoglobin than most.  
These were segregated into a separate pool on the basis of their hemoglobin content as 
assayed spectrophotometrically.  Plasmas with A575 < 0.1 (116 mg/L hemoglobin) were 
pooled in the low hemoglobin group and those with A575 ≥ 0.1 were pooled in the higher 
hemoglobin group.  However, it is important to note that the acceptable range for 
hemoglobin contamination of plasma is 191 mg/L to 650 mg/L equivalent to A575 = 0.16 
to 0.56.  None of the plasma pooled from naturally infected animals had an absorbance 
A575 > 0.2 equivalent to 232 mg/L even in the higher hemoglobin pool.  All of the  
individual plasmas collected from the experimentally inoculated group contained 
hemoglobin levels less than those giving absorbance A575 values < 0.2 from the higher 
hemoglobin group of the naturally infected animals.  They were therefore pooled as one 
group.   Table 4 summarizes the final composition of the three pools.   
 
Table 4.  Plasma pools prepared from blood of scrapie infected sheep  

Pool Batch 101  
Grade A 

Batch 102  
Grade B 

Batch 103 

Infectivity Natural Natural Experimental 
# individual 
plasmas / pool* 

42 8 26 

Hb A575nm 0.047 0.122 0.046 
Hb mg/L 55 144 54 
# bottles  
800 ml/btl 

68 repository  
2 VAMHCS 

16 repository  
2 VAMHCS  

(+1 x 300 ml at VAMHCS)

40 repository 
1 VAMHCS 

Total volume* ~ 56 L ~ 14.7 L ~ 32.8 L 
* Three 50 ml aliquots of  the plasma from each individual were stored separately before 
pooling.  This is equivalent to 11 L of additional plasma besides that given in the table.    
 
Also, aliquots of 50 to 150 mls of whole blood were removed from the blood received 
from each individual animal prior to component separation and stored at ≤ 80°C.  Thus in 
addition to the three pools summarized in table 4, we also have panels of whole blood 
and plasma collected from 76 sheep in the terminal stages of clinical scrapie infection.    
 
There is no equivalent resource.  
 



Revised item of work 3. Develop a protocol for distribution of sheep resource materials 
to academic requesters and a price list for distribution of the same materials to 
commercial interests.  
 
 
All sheep materials that we have produced for our own use are also available to others.  
This includes stocks of scrapie infected blood, plasma, or brain from individual animals 
contributing to the production of the reference material pools described above as well as 
aliquots of the materials in those pools.  We especially encourage the use of the pools for 
any work that will be used to compare one result with another whether in an individual 
laboratory or between laboratories and tests.  The terms for supply differ for publicly-
funded academic investigators and commercial clients.  In both instances, however, sheep 
scrapie infected material can only be provided to organizations, whether academic or 
commercial, who provide copies of current USDA permits to acquire and use such 
material.   
 
 
Academic investigators: 
Aliquots are supplied to academic investigators for the cost of hazardous material 
shipping.  
  
Commercial interests:  
Aliquots of the sheep plasma reference material pools and sheep brain homogenate 
standards that we have developed are provided to commercial diagnostic developers or 
any other commercial organization according to the price list below.  The commercial 
sale of these materials are conducted through the Baltimore Research and Education 
Foundation (BREF), the not for profit corporation of the VA Medical Research Service  
that administered the NIH and DoD funding for this project.  The proceeds are used to 
support the storage, maintenance, ongoing characterization (including bioassay) and 
replenishment of these materials.    
 
Price list for sheep scrapie infected reference materials:   
 
SSP-NPA 
Scrapie infected sheep plasma. Collected by exsanguination of sheep 
terminally ill with naturally acquired North American scrapie. Grade A $200 + $10/ml 
 
SSP-NPB 
Scrapie infected sheep plasma. Collected by exsanguination of sheep 
terminally ill with naturally acquired North American scrapie. Grade B $200 + $5/ml 
 
SSP-EP 
Scrapie infected sheep plasma. Collected by exsanguination of sheep 
terminally ill with North American scrapie acquired by experimental  
inoculation by the oral route.       $200 + $10/ml 
 



 
SBH-SHP 
Pooled brain tissue from sheep terminally ill with naturally acquired  
North American scrapie homogenized in phosphate-buffered saline.  $300/ml 
This stock had an infectivity titer of 1 x 107 ID50/ml, when assayed by 
end point dilution titration in tgshp mice.   
 
 
Price list for materials from individual animals:   
 
SSP 
Scrapie sheep plasma from an individual animal    $200 + $5/ml 
 
SBH-SHI 
 Brain tissue from a individual sheep terminally ill with naturally acquired  
North American scrapie homogenized in phosphate-buffered saline.  
(limited quantities available)       $250/ml 
 
 
A final report has been prepared giving the history, methods, and characteristics of these 
materials which will serve as a draft manuscript for a publication that will more widely 
publicize these materials.  However, we have been deferring publication until we have 
proof that these materials are actually infectious.  As discussed in item 4 following, that 
proof has so far eluded us.   
 
 
Revised item of work 4. Use the transgenic mice carrying the sheep PrP gene that we 
have developed, to measure the infectivity in the sheep plasma pool and the whole blood 
pool using limiting dilution titration. This will accomplish one of the ultimate goals of the 
original proposal. 
 
Transgenic mice, tgshp, carrying the sheep PrP gene on a mouse PrP gene knock out 
background were previous developed for our use by subcontract to the Institute for Basic 
Research in Staten Island, NY.  These mice have multiple copies of the sheep PrP gene 
with ARQ genotype and no mouse PrP gene.  They were bred to homozygosity at the 
IBR and then rederived at Harlan Labs to rid them of several pathogens present in the 
IBR colonies that would be incompatible with the VA/U Maryland rodent colonies.  We 
obtained the mice from Harlan.   Their properties had not been characterized.    
 
Our principle interest in these mice was as a means of :  

1. Establishing for sure whether or not the blood and plasma of scrapie infected 
sheep contained TSE infectivity, and  
2.  Measuring by bioassay the concentration of the infectivity in the sheep plasma 
and brain pools that we had prepared.    
 



There is a “species barrier” that typically reduces the efficiency of transmission of TSE 
infections between species by at least 1000 fold.  This barrier is significantly lowered in 
transgenic mice bearing the transgene of the infecting species.   This is readily seen as a 
lowering of the incubation time for transmissions from high titered brain homogenates.  
However, it is not known whether the barrier is eliminated entirely.  To successfully 
demonstrate the presence of infectivity in the blood of a transgene donor or to measure 
the concentration of TSE infectivity in the blood of the transgene host, the barrier would 
have to be almost completely eliminated if the blood and plasma of transgene donor has a 
TSE infectivity concentration similar to that found in hamsters and mice, ~ 10 ID/ml.  
The reason that our laboratory has been so successful in quantifying the titer of the 
infectivity in the blood and urine of hamsters and mice is that the measurements have 
been made in the same species as the collected blood or urine.  There is no species 
barrier.  Even so we had to develop a novel method of detection with much greater 
sensitivity and precision than the end point dilution assay which has previously been the 
most sensitive and precise assay for TSE infectivity but insufficiently sensitive to 
measure the concentration of TSE infectivity in blood.   
 
Therefore, as a first step towards meeting the goals of this section we attempted to 
evaluate the sensitivity of tgshp to sheep scrapie by conducting an end point dilution 
titration of the SBH-SHP scrapie infected sheep brain pool that we had prepared as a 
standardized material for our own use.  The infectivity titer was 1 x 107 ID50/ml, after a 
relatively short incubation time of six to eight months.  We have no same species, sheep 
to sheep, titration with which to compare this value.  However, in the few instances 
where sheep to sheep transmission have been conducted, sheep brain the titers were 
comparable - at most 108 ID50/ml with large standard errors.  This result was sufficiently 
encouraging that we have undertook a limiting dilution titration of scrapie infected sheep 
whole blood and the SSP-NPA plasma pool. Typically, we assay a total of 5 mls of blood 
or plasma to obtain a limiting dilution titer.  The blood or plasma is inoculated 
intracranially, ic, 25 μl per mouse requiring 200 mice in all.  To compensate for the 
potential reduced efficiency of a cross species transmission ~300 mice were inoculated 
intracranially with plasma and over 200 mice with whole blood, ~12.5 ml and over 500 
mice total. There were no signs of clinically infected mice in nearly 600 days of 
observation.    
 
All mice in this study were euthanized and their brains collected for analysis by Western 
blot for evidence of infection - specific forms PrP.  This analysis is still ongoing (over 
500 brains) however, there has been no detection of PrPres forms to date.  However, we 
have discovered evidence of heterozygosity in at least some of the breeders contributing 
to this cohort of mice.  This suggests genetic instability in this transgenic line.  As this is 
a new strain of transgenic that has only been through a few cycles of breeding, this is 
possible.  This greatly complicates the analysis of this data.  Since we have tissue from 
each mouse in the study we will be able to sort out the zygosity of each mouse.  Since we 
do not have a titration for heterozygous mice we do not know the relative sensitivity of 
heterozygotes to infection.  The effect will be to reduce the total number of homozygous 
tg mice that are in the study and perhaps the sensitivity of the analysis to detect sheep 
infectivity.   Nevertheless, in spite of these difficulties, some analysis is possible.  We can 



calculate that had the titer of TSE infectivity in sheep blood and plasma been 10 ID/ml 
we still would have expected 22 ± 5 infections even if only 100 of the 500 animals 
inoculated were fully as sensitive as the homozygotes.   This value is 12 ± 3 for 5 ID/ml 
and still a detectable 2 infections at 1 ID/ml.  These calculations are summarized in Table 
6 and Figure 1.   
Table 6. 

 
Figure 1.  

Expected number of infections as a function of homozygotic recipients and blood titer
Total volume, ml 12.5ml inoculum, ml 0.03

Titer, ID/ml
m = ID/inoculum

P(0) = e-m

1 - P(0)
homozygotes Infections ±sd Infections ±sd Infections ±sd Infections ±sd Infections ±sd Infections ±sd Infections ±sd Infections ±sd

500 197 14 156 13 111 11 59 8 48 7 36 6 24 5 12 4
400 157 13 125 11 88 9 47 7 38 6 29 5 20 4 10 3
300 118 11 94 10 66 8 35 6 29 5 22 5 15 4 7 3
200 79 9 63 8 44 7 24 5 19 4 14 4 10 3 5 2
100 39 6 31 6 22 5 12 3 10 3 7 3 5 2 2 2
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The lack of infections could indicate that there is no sheep scrapie infectivity in either the 
whole blood or plasma samples.  However, it is more likely that the transgenic has failed this 
very stringent test of sensitivity.  This is especially true now that others have repeatedly 
shown that scrapie and BSE are both transmissible in sheep via transfusion of whole blood.  
Admittedly the volumes transfused are ten to twenty times greater than those inoculated in 
this experiment.  However, transfusion transmission appears to be quite efficient in sheep 
suggesting that the titer is a least comparable to that found in rodents.  On the basis of this 
evidence we have concluded that the tgshp line is not sufficiently sensitive to make this 
measurement and we do not intend to pursue further development of this particular sheep 
transgenic mouse line.    
 
In the mean time several alternative ovinized PrP transgenics have been developed by 
other laboratories.  One or more of these transgenics may be more sensitive than tgshp but 
there is not, as yet, any comparitive data using a single reference material by which to 
rank them.  It was in part to meet this type of need that we prepared a sheep scrapie brain-
derived reference material.  We are currently negotiating access to other ovinized 
transgenics to make such a comparison.  We are also offering aliquots of the sheep 
plasma pool and the brain reference material to laboratories that do not wish to donate 
their tg mouse lines but would be willing at least to make a comparative measurement on 
their own premises.    
 
The current status of this project is that we have produced a resource of great value for its 
consistency and abundance and we and others are using it as a development resource with 
the expectation that it contains TSE infectivity.  However, the material still lacks 
validation that it does in fact contain infectivity.  Moreover, its value would be greatly 
increased if the level of infectivity could be quantified.  
 
Revised item of work 5. Continue to develop the short incubation time model of sheep scrapie 
by breeding for VVQQ genotype and infecting with inocula prepared from the first passage 
transmissions.  
The sheep scrapie model would also be greatly improved if the incubation time of the disease 
could be reduced.   The brain-derived reference material that was prepared as part of this 
project unexpectedly produced a dramatically shorter incubation time in some animals even 
when inoculated orally.  Scrapie seldom has less than a two year incubation time in sheep and 
more typically takes four years or more to cause disease.  This inoculum produced clinical 
disease in less than one year in several animals.  This is comparable to rodent incubation 
times.  It turned out that the short incubations were concentrated in animals with AVRRQQ 
or VVRRQQ genotypes.  There may have been some synergy between the inoculum and the 
genotype as the VRQ genotype is also represented in the inoculum.  To test these possibilities 
with the objective of developing an even shorter incubation time model in sheep, we needed 
to increase the representation of the VRQ genotype in the flock and also obtain more tissue 
from VRQ infected animals from which to prepare inoculum.   
 
This was facilitated by the identification of a ram in the high susceptibility flock with a 
VVRRQQ genotype.  This ram was used to increase the production of VVRRQQ animals.  
Since he was a member of the high incidence flock and had the highly susceptible genotype 
himself, he has also succumbed to the disease but not before producing another 5 VVRRQQ 
lambs in 2006 and 12  VVRRQQ in 2007.  The five 2006 VV animals are still alive, but 



clinical.  The 12 from 2007 are also still alive.  All 6 of the 2005 VV cohorts to this ram died 
of scrapie between the ages of 9 and 18 months.  The discovery of this highly susceptible and 
short incubation time genotype in sheep has made this model even more advantageous as an 
economical source of TSE infected blood, urine and other tissues for development, testing 
and validation purposes.   
 
KEY RESEARCH ACCOMPLISHMENTS: 
 
 
• Sheep brain reference materials:  We have pooled sheep brains that have been 

carefully selected for giving strong Western blot signals for PrPres to produce a highly 
infectious brain reference material for development of TSE management strategies 
and for comparison and validation of experimental results, transgenic sensitivities, 
diagnostics, and other assays based on sheep scrapie infectivity.    

 
• Sheep blood and plasma reference materials:  We have collected, characterized and 

pooled over 100 liters of high grade sheep plasma and whole blood collected from 
scrapie infected sheep in terminal disease for use in the development and validation 
of diagnostics and other strategies for managing the risks from blood-borne TSE 
infectivity.   

 
• We have discovered a very short incubation time model of scrapie in sheep and 

are developing it into a research tool.  (publication 1).   
 
• We developed and characterized a transgenic mouse carrying the sheep PrP gene 

on a mouse PrP knockout that shows high efficiency of cross-species transmission 
of scrapie from sheep brain to mouse even though this efficiency was not great 
enough to detect infectivity in sheep blood.   

 
 
REPORTABLE OUTCOMES:  
To date there have been two publications from the Caine Veterinary Center that have been  
supported by this funding (listed below).   A report on the production and characterization of 
the plasma reference material has been written which will serve as a draft for a publication 
presuming that we can demonstrate infectivity in this material.  A collaborative study with 
Dr. Juergen Richt is investigating the activity of the sheep brain reference material in various 
genotypes of sheep and transgenic mice.  This will also be published upon completion of the 
work which may require several more years.  We will also publish a characterization of the 
tgshp transgenic with Dr. Rubenstein who constructed the mouse.  Even though this mouse 
does not meet our requirements for sensitivity, it has shown remarkable sensitivity to cross 
species transmissions from sheep brain, and may rank highly in comparison with other 
ovinized transgenics.  This publication will also highlight the scrapie infected sheep brain 
reference material that we created to make this measurement and its availability for 
comparative measurements by others.   
 
CONCLUSIONS:  
We have produced a variety of scrapie infected reference materials from brain and blood 
of sheep naturally infected with scrapie for use in the development and validation of TSE 



diagnostics and other TSE management efforts.  We have also developed potent anti-
sheep PrP monoclonal antibodies, and a PrP ovinized transgenic mouse that is highly 
susceptible to cross-species infection from sheep.  We have discovered a sheep genotype 
with high sensitivity to natural infection and an incubation time comparable to that for 
TSE infections of rodents.  Together these elements satisfy all of the requirements for an 
effective sheep scrapie resource.  There is still a need for a transgenic mouse of sufficient 
sensitivity for efficient infection by scrapie infected sheep blood.    
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Scrapie is a progressive, debilitating neurologic ill-
ness of sheep and goats that is thought to always

result in death. Presently, scrapie is believed to be the
result of accumulations in the brain of posttranslation-
al PrPSC. Experimental infectivity studies1 have estab-
lished that the presence of PrPSC is a reliable indicator
of the presence of the infective agent. The PrPSC is

believed to act as a template for the conversion of PrPC

or prion protein to PrPSC in genetically susceptible
sheep.

Nucleotide variants in the PRNP may affect the
translation of codons 136, 154, and 171, which are
most commonly associated with susceptibility to the
disease. Codon 136 codes for either V or A; codon 154
codes for R or H, and codon 171 codes for Q, K, H, or
R. Resistance against scrapie appears to be increased by
136 A,2,3 154 H,4 and 171 R.5 In the United States, the
disease affects mainly blackface breeds of sheep
(Suffolk and Hampshire and crosses thereof), con-
tributing approximately 96% to the disease preva-
lence.6 Also in the United States, the disease is mainly
associated with polymorphism at codon 171, as V at
codon 136 and H at codon 154 are rare.7,8 Homozygosis
of RR at codon 171 appears to confer resistance; the
presence of 1 R decreases the incidence of scrapie sub-
stantially, whereas homozygosis of glutamine (QQ)
and presence of H (QH or HH) render sheep suscepti-
ble to the disease9 and have been responsible for all
infections of scrapie reported in the United States,
except for a few cases of scrapie in sheep with codon
171QR.6,10

In the United States and Great Britain, efforts to
control and perhaps eliminate the disease on the basis
of selective breeding of sheep having at least 1 R at the
171 site and to remove 171 QQ sheep from flocks are
in progress.10,11 The expectation is that the remaining
sheep will be resistant to scrapie infection. Little atten-
tion is given to the genetics at codon 136 in the United
States because it is reported that most Suffolk and
Hampshire sheep are 136 AA.7,8

There is 1 published report10 of natural scrapie in
known 136 AV Suffolk sheep in the United States.
However, we report the findings when brain tissue
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Association between incubation time 
and genotype in sheep experimentally inoculated
with scrapie-positive brain homogenate

Marie S. Bulgin, DVM, MBA; Sharon J. Sorensen, MS; Mary E. Matlock

Objective—To compare incubation time and clinical
signs of scrapie in codon 136/171 alanine-valine/gluta-
mine-glutamine (AVQQ) experimentally inoculated
sheep with that in sheep with the more common
136/171 AAQQ genotype.
Animals—60 Suffolk sheep.
Procedure—Twenty-seven 171 QQ ewes purchased
from 2 private flocks were bred with a 171 QQ Suffolk
ram before being inoculated with a 20% solution of
scrapie-positive brain homogenate (5 mL, PO) from
sheep containing genotypes 136/154/171 AA/argi-
nine-arginine (RR)/QQ, AVRRQQ, and VVRRQQ that
had died of scrapie. Ewes had 33 lambs, which were
inoculated in the same manner on the day of birth.
Results—All 16 genotype 136/154/171 AVRRQQ
sheep that died of scrapie were 9 to 11 months of
age; clinical signs lasted 1 day to 3 weeks with no
wasting and only mild pruritus. The first AARRQQ
sheep died with typical clinical signs of scrapie 27
months after inoculation, and 14 were still alive 37 to
42 months after inoculation. The 136/171 AVQQ
sheep had minimal accumulation of modified cellular
protein (PrPSC) as determined by immunohistochemi-
cal (IHC) staining within affected cells; thus the sever-
ity of clinical signs and time of death were not asso-
ciated with brain lesions or the amount of PrPSC in
brain tissue of 136/154/171 AVRRQQ sheep as deter-
mined by IHC staining.
Conclusions and Clinical Relevance—The rapid
incubation time may have been influenced by the
codon 136 genotype, a new unreported valine (V)-
dependent strain of scrapie similar to strain SSBP/1,
or the inoculum may have contained a traditional
strain and a V-dependent or SSBP/1-like strain of
scrapie. (Am J Vet Res 2006;67:498–504)

PrPSC Modified cellular protein
PrPC Normal cellular protein
PRNP Prion protein gene
V Valine
A Alanine
R Arginine
H Histidine
Q Glutamine
K Lysine
SBH Sheep brain homogenate
TB 0.1M Tris buffer (pH, 7.5) containing 1M NaCl 

and 0.25% Tween 20
TBGS TB containing 10% goat serum
ID Identification
MT Methionine/tryptophane
NPU Neuropathogenesis unit 
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from sheep testing positive for scrapie was inoculated
into 136/154/171 AVRRQQ Suffolk sheep at birth and
at 12 months of age. The purpose of the study report-
ed here was to compare the incubation time and clini-
cal signs of disease in sheep with the 136/171 AVQQ
genotype with that in sheep with the more common
136/171 AAQQ genotype in this group of sheep.

Materials and Methods
Inoculum—Brains from 7 clinically affected 171 QQ

sheep testing positive for scrapie were verified to have PrPSC

by IHC and western blot testing of brain obex. Whole brains
were singly homogenized, combined, and diluted to a 20%
solution with PBS solution. The combined scrapie-positive
SBH was frozen and stored at –70°C. Samples of the single
homogenates were later sequenced; 5 sheep were
136/154/171 AARRQQ, 1 was AVRRQQ, and 1 was VVR-
RQQ.

Sheep and treatment—Twenty-seven Suffolk ewes,
approximately 9 months old, with the genotype 171 QQ were
purchased from 2 private owners in October 2001. Scrapie
had never been observed in either flock and has not been
observed since. In November 2001, ewes were exposed to a
Suffolk ram with the genotype 136/154/171 AVRRQQ. In
December 2001, sheep were given 5 mL of the thawed 20%
SBH solution, which was deposited superficially on the back
of the tongue via a dose syringe. Other than thawing, there
was no special treatment of the inoculum. Thirty-three lambs
were born during April 2002, and on the day of birth, each
lamb was also given 5 mL of 20% SBH solution in the same
manner.

Ewes and lambs were housed in an outside drylot pen
with fence-line feeders and shelter from inclement weather.
The study was approved by the University of Idaho Animal
Care and Use Committee. Their base diet was alfalfa hay, and
grain was fed during pregnancy and lactation. Heated, auto-
matic waterers provided water ad libitum. A trace mineral
salt was provided. Two technicians checked sheep twice daily
and recorded any problems or abnormal behavior. Sick sheep
with any illness were moved into a separate pen for specific
care or supportive treatment as needed.

Biopsy protocol—A biopsy specimen was obtained from
the lymphoid tissue of the third eyelid as described,12 except
xylazine (0.1 mg/kg) was given IV for sedation and anesthe-
sia. For mandibular lymph node biopsies, the area beneath
the base of the ear was prepared for surgery after xylazine
injection. The lymph node was palpated just medial to the
angle of the mandible, and an incision was made over the top
of the lymph node with a disposable scalpel. After the lymph
node was identified, it was grasped with a pair of forceps and
removed with either scissors or scalpel. One or 2 sutures
were placed in the skin, and sheep were permitted to recov-
er. Instruments were soaked in 2.5N NaOH for at least 24
hours, rinsed, then sterilized in an autoclave for reuse.

Necropsy protocol—Ewes and lambs were euthana-
tized when they could no longer hold themselves in sternal
recumbency, and necropsies were performed. Fresh samples
of tissues in which gross abnormalities were detected on
necropsy were taken for bacteriologic examination and
placed into neutral-buffered 10% formalin for histologic
examination. Several areas of the brain and spinal cord were
also sectioned for H&E staining and microscopic evaluation.
Samples of brain, palatine tonsils, retropharyngeal lymph
nodes, mandibular lymph nodes, lymphoid tissue of the
third eyelid (if still present), mesenteric lymph node, and
ileum with Peyer’s patches were obtained; 1 sample from

each tissue was placed into neutral-buffered 10% formalin
for IHC, and a second sample was frozen at –20°C for future
experimental protocols.

IHC testing—Fixed, paraffin-embedded tissues were
cut at 5 µm, and resulting slides were processed by use of a
microprobe system.a After tissues were deparaffinized and
hydrated, the paired slides were placed in an autoclave at
121°C for 30 minutes in TB. The cooled slides were rinsed in
TBGS used also to make a 1:1,000 dilution of the monoclon-
al antibody (cell line F89/160.1.5b), which was applied to the
slides for 12 hours at 2°C incubation.

Slides were rinsed with TBGS, and the secondary anti-
body (biotinylated anti-mouse IgG, H and L,c heavy and light
chains), diluted in a ratio of 1:200 in TBGS, was added for 30
minutes. After rinsing with TB, slides were loaded with
avidin-alkaline phosphatase and incubated for 20 minutes.
Slides were rinsed several times with 0.1M Tris HCl buffer
(pH, 8.2) containing 0.25% Tween 20. Alkaline phosphatase
substrate was prepared with 0.1M Tris HCl buffer (pH, 8.2)
containing 0.25% Tween 20 and 0.1 mL of levamisole, then
loaded onto slides. Slides were incubated for 5 minutes twice,
then once for 10 minutes, rinsed with water containing 0.25%
Tween 20, and counterstained with hematoxylin with TB used
as a bluing reagent. Slides were dehydrated in graded alcohols
and cleared, and a cover slip was placed on each slide.

For lymphoid tissue to be considered negative for
scrapie, a minimum of 5 lymphoid follicles was required on
the slide for evaluation. The presence of 4 negative follicles,
for example, was considered a no test. This was only a prob-
lem in the case of eyelid tissue.

Results
Two lambs died at 0.7 and 1.4 months of age. In

those lambs, the cause of death was determined to be
starvation and pneumonia. Tissues were not retained for
scrapie testing. Two other lambs died at 4.6 and 5.7
months of age of pneumonia, and results of IHC tests
were negative. Five months after inoculation, 1 ewe died
from a prolapsed uterus; this ewe was not tested for
scrapie. One ewe died 9 months after inoculation during
anesthesia for herniorraphy; PrPSC was not detected in
tissues via IHC at the time of death (Table 1).

In January of 2003, 12 and 9 months after inocu-
lation of ewes and lambs, respectively, biopsy speci-
mens of third eyelid lymphoid tissue were obtained
from all inoculated sheep and tested for PrPSC via IHC.
Only specimens from 2 adults and 1 lamb tested posi-
tive. As of June 2005, the lamb and one of those adult
sheep were alive 36 and 42 months after inoculation,
respectively. The other adult had clinical signs compat-
ible with scrapie13 for 3 weeks and was euthanatized 16
months after inoculation (in April 2003).

Twelve months after inoculation of adult sheep, 2
ewes, (ID No. 290 and 298) were ataxic and had diffi-
culty maintaining their balance (Table 1). Five days
later, one of those ewes (ID No. 290) was unable to
maintain sternal recumbency and was euthanatized; all
tissues, including the third eyelid, tested positive for
PrPSC (Table 2). The other ewe (ID No. 298) was 
euthanatized 3 weeks after showing clinical signs com-
patible with scrapie; all tissues, except the mandibular
lymph node, tested positive for PrPSC. One adult ewe
(ID No. 283) in which tissue from the third eyelid test-
ed positive was euthanatized 3 weeks after developing
clinical signs of ataxia. Thirteen months after inocula-
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tion, 1 ewe (ID No. 293) became recumbent and was
euthanatized. This ewe had appeared clinically normal
1 day earlier. All tissues, except for lymphoid tissue of
the third eyelid, tested positive for PrPSC via IHC.

These 4 sheep were in good body condition and
did not have the wasting commonly associated with
naturally occurring scrapie; 3 sheep did not have pru-
ritus and 1 sheep had minimal pruritus, and they did
not have visible tremors commonly seen in sheep with
classic signs of scrapie. Clinical signs in these sheep
progressed from lack of coordination to being unable
to stand in a brief period of time: approximately 3
weeks, sometimes within 18 hours. The genotype of
these 4 ewes was 136/154/171 AVRRQQ.

In the first 3 months of 2003, 12 lambs, 36.4% of
those born in 2002 and inoculated at birth, died of
scrapie. All had an incubation time < 12 months,
(mean, 10.2 months), and duration of clinical signs
was < 2 weeks. In those lambs, brain and mesenteric
lymph node tissue tested positive for PrPSC via IHC.
The genotype of those lambs was 136/154/171 AVR-

RQQ. Other tissue results from these lambs are
described (Table 2).

The PrPSC accumulation in tissues of SBH-inoculat-
ed AVRRQQ sheep was notably less as determined by
IHC than that of sheep naturally infected, being fine
granular deposits lightly sprinkled through affected cells
and often difficult to see. Findings from several of the
first cases of scrapie in sheep were shared with person-
nel in the USDA Agricultural Research Serviced to sub-
stantiate the diagnosis. Results of all bacterial cultures of
brain and spinal cord were negative for Listeria spp, and
other infectious bacteria and histologic examinations of
sections obtained from obex, cerebrum, cerebellum, and
spinal cord did not reveal classic scrapie lesions.

Sequencing the PRNP gene from brain tissue of 13
AVRRQQ sheep that died with a decreased incubation
time was performed,e starting at amino acid 54 through
amino acid 254. The first 53 amino acids were not
sequenced because there are no reported critical poly-
morphisms in these areas. There were 3 sheep that had
an MT polymorphism at codon 112 (Table 3). This

Table 1—Summary of sheep with genotype 136/171 AVQQ dying after inoculation with a 20% solu-
tion of scrapie-positive brain homogenate (5 mL, PO) as an adult (12 months old) or as lambs at birth.

Inoculation Cause of Incubation
ID date death time (mo) Clinical signs Scrapie diagnosis

Inoculated as
an adult
283 12/19/01 Euthanatized 15.3 Mild Pos

pruritis,
bunny hopping

290 12/19/01 Euthanatized 11.9 Left lateral Pos
recumbency

293 12/19/01 Euthanatized 13.3 Left lateral Pos
recumbency

298 12/19/01 Euthanatized 12.6 Left lateral Pos
recumbency

300 12/19/01 Uterine prolapse 5.4 None No test
305 12/19/01 Died—anesthesia 7.3 None No test

Inoculated
at birth 
2101 3/21/02 Pneumonia 1.4 None No test
2107 4/10/02 Euthanatized 10.0 Left lateral Pos

recumbency
2122 4/15/02 Euthanatized 11.0 Ataxic Pos
2124 4/15/02 Euthanatized 9.6 Left lateral Pos

recumbency
2127 4/15/02 Euthanatized 11.0 Ataxic Pos

2128 4/18/02 Euthanatized 11.1 Bunny hopping Pos
2133 4/22/02 Found dead 0.7 None No test
2140 4/23/02 Found dead 4.6 None Neg
2142 4/20/02 Euthanatized 11.3 Bunny hopping Pos
2144 4/22/02 Euthanatized 11.0 Bunny hopping, Pos

mild pruritus
2146 4/23/02 Euthanatized 8.8 None Pos

2150 4/23/02 Euthanatized 9.3 Left lateral Pos
recumbency

2081 5/19/02 Euthanatized 9.4 Left lateral Pos
recumbency

2121 4/15/02 Euthanatized 9.2 Left lateral Pos
recumbency

2123 5/3/02 Euthanatized 5.7 Pneumonia Neg
(pneumonia)

2136 4/2/02 Euthanatized 10.8 Right lateral Pos
recumbency

For lymphoid tissue to be considered negative for scrapie, a minimum of 5 lymphoid follicles was required
on the slide for evaluation; ≤ 4 follicles was considered a no test.

Pos = Positive. Neg = Negative.
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polymorphism has not been involved in resistance or
susceptibility to scrapie. There were no additional
polymorphisms or amino acid changes divergent from
the known sheep PrP sequence.

The IHC results for third eyelid biopsy specimens
from all dead lambs that were inoculated at birth were
negative for PrPSC, except for 1 lamb (ID No. 2146).
The IHC results for third eyelid biopsy specimens in 1
other lamb (ID No. 2112) were positive also, but this
lamb’s genotype is 136/154/171 AARRQQ, and the
lamb was still alive at the time of publication. The third
eyelid tissue of 1 lamb (ID No. 2136) that originally
tested negative for PrPSC on biopsy tested positive for
PrPSC at the time of death.

All sheep (20 adults and 11 lambs) that were alive
as of July 2004 (26 to 31 months after inoculation)
were genotype 136/154/171 AARRQQ. The first
scrapie-positive AAQQ sheep died 32 months (August
2004) postinoculation after having classic clinical
signs of scrapie for several months. Fourteen of 31
AAQQ inoculated sheep and lambs were still alive 37
to 42 months, respectively (as of June 1, 2005), after
inoculation.

Discussion
The study reported here was initially undertaken

to provide additional scrapie-positive tissues and blood
for research. At that time, codon 136/154 genetics were

Table 2—Immunohistochemistry test results for detection of PrPSC performed on lymphoid and brain tissue from sheep inoculated with
a 20% solution of scrapie-positive brain homogenate (5 mL, PO) as an adult (12 months old) or lambs at birth.

Sheep Third eyelid Palatine Mandibular lymph Retropharyngeal Mesenteric lymph Brain
ID lymphoid tissue* tonsil node lymph node node obex

Inoculated as an adult 
283 Pos Pos Pos Pos Pos Pos
290 Pos Pos Pos Pos Pos Pos
293 Neg Pos Pos Pos Pos Pos
298 Pos Pos Neg Pos Pos Pos
305 Neg Neg Neg Neg Neg Neg

Inoculated at birth 
2081 Neg Neg Neg Pos Pos Weak

Pos
2101 NS NS NS NS NS
2107 Neg Pos Neg Pos Pos Pos
2121 Neg Neg Neg Neg Neg Weak

Pos
2122 Neg Pos Pos Pos Pos Pos

2123 Neg Neg Neg Neg Neg Neg
2124 Neg Neg Pos Pos Pos Pos
2127 Neg Pos Pos Pos Pos Pos
2128 Neg Pos Pos Pos Pos Pos
2136 Pos Pos Neg Pos Pos Weak

Pos

2140 Neg NS Neg Neg Neg Neg
2142 Neg Pos Pos Pos Pos Pos
2144 Neg Pos Pos Pos Pos Pos
2146 Pos Neg Neg Neg Pos Pos
2150 Neg Neg Neg Neg Pos Pos

*Positive third eyelid lymphoid tissue results are combined biopsy and necropsy results.
NS = No sample obtained.
See Table 1 for remainder of key.

Table 3–Results of prion protein sequencing of 13 inoculated 136/154/171 AVRRQQ sheep that died
from scrapie with an incubation time ≤ 15.3 months.e

Sheep ID Codon 136 Codon 154 Codon 171 Other polymorphisms

283 VA RH QQ NA
290 VA RR QQ NA
293 VA RR QQ NA
298 VA RR QQ NA

2107 VA RR QQ NA
2122 VA RR QQ NA
2124 VA RR QQ NA
2127 VA RR QQ Codon 112 MT
2128 VA RR QQ Codon 112 MT
2142 VA RR QQ Codon 112 MT
2144 VA RR QQ NA
2146 VA RR QQ NA
2150 VA RR QQ NA

M = Methionine. T = Threonine. NA = Not applicable.



not considered particularly important in the United
States, and only after inoculated sheep began to die at
an early age was genotyping for the 136/154 codons
performed. Because the 136 AV genotype was believed
to be rare, the fact that many sheep in our study died
from scrapie within 15 months and that they were all
136 AV was completely unexpected.

Six of 30 (20%) sheep (5 ewes and 1 ram) chosen
from 2 private flocks on the basis of 171 QQ genotype
were 136 AV, suggesting that the 136 AV genotype in
some sheep flocks in the United States is not as rare as
reported. The 136 V allele was also detected in our nat-
urally infected research flock at a prevalence of 18.8%.
In this flock, we found that the genotype also affected
the incubation time, which was in agreement with
results reported in sheep of all breeds in Great Britain.14

Typically, clinical signs in sheep with scrapie
include wasting, incoordination and weakness of the
hind limbs, pruritus, CNS signs, and behavioral
changes that last 3 months or more.13 In our study,
duration of clinical signs in inoculated AVRRQQ adult
sheep and lambs from the first observed clinical sign to
complete inability to stand continued for as little as 1
day to less than a month. Wasting was not detected and
pruritus was rare. A producer or veterinarian would
not have diagnosed scrapie in sheep with these clinical
signs. In most diagnostic laboratories, samples from
young adult sheep that die suddenly and yield no diag-
nosis are never considered for IHC testing unless per-
haps sheep were from a flock known to have scrapie.

Other remarkable disparities included differences
in the accumulation of PrPSC in lymphoid tissue. In our
naturally affected sheep, PrPSC has been detected in the
lymphoid tissue of the third eyelids of 57% of sheep
testing positive for PrPSC,15 whereas in this study, third
eyelid lymphoid tissue from only 5 (31.2%) inoculated
136/154/171 AARRQQ sheep tested positive for PrPSC

at death. Additionally, in dead sheep inoculated at
birth, palatine tonsils and mandibular and retropha-
ryngeal lymph nodes had lower rates of IHC positive
diagnoses (59%, 50%, and 75%, respectively) than
mesenteric lymph nodes and brains (100%), whereas
in naturally infected sheep, the mesenteric lymph
nodes had the lowest percentage of IHC positive diag-
noses (66%).15 Perhaps the long incubation time per-
mitted a longer duration for absorbed PrPSC to migrate,
replicate, and accumulate in the CNS and lymph
nodes. Concentration of PrPSC IHC staining in brains
(obex) of all inoculated sheep was much less than in
naturally infected sheep, requiring that additional time
be spent searching slides for cells containing PrPSC.
Furthermore, no histologic lesions were detected in
obex, cerebrum, cerebellum, and medulla oblongata;
therefore, the cause of the rapid and severe clinical
signs is not known. The amount of PrPSC has been mea-
sured in scrapie-infected sheep brains by the use of a
new conformation-dependent immunoassay16 and sup-
ports our finding that amounts of PrPSC will differ
depending on genotype. However, the brains of
136/154/171 VVRRQQ sheep experimentally inoculat-
ed with the SSBP/1 scrapie strain had larger amounts of
PrPSC than that measured in the brains of AVRRQQ and
AVRRQR sheep at the time of death. Unfortunately,

that does not substantiate our observation (using IHC)
of less PrPSC deposition in tissues of AVRRQQ inocu-
lates than AARRQQ naturally exposed sheep with the
longer incubation times. This may be a scrapie strain
difference.

In the past, the observed comparison between
accumulation of PrPSC, brain lesions, and clinical signs
had been taken as strong evidence for a direct neuro-
toxic effect of PrPSC.17,18 Certainly, when microscopic
changes and neuronal loss are seen during histologic
examination and large accumulations of PrPSC are iden-
tified in neurons by IHC staining, the theory is easy to
accept. However, wild-type mice can accumulate high
concentrations of PrPSC and have little if any brain
changes, suggesting that the molecule may not be the
neurotoxic factor.17 On the other hand, results of the
IHC test for detection of PrPSC in tissue have been used
to diagnose numerous cases of scrapie in sheep that had
clinical signs but did not have the typical brain lesions
that had formerly been required for a positive diagno-
sis.19 Indeed, bovine spongiform encephalopathy infec-
tivity has been transmitted in mice despite the absence
of detectable abnormal prion protein.17 Other cases of
lightly scattered deposits of PrPSC with few brain lesions
have also been detected in sheep with severe clinical
signs.20 Therefore, clinical signs and death do not corre-
spond well with brain lesions or the concentration of
PrPSC. Thus, whether PrPSC is a cause or an effect is not
known. The observation that shorter incubation time
and duration of clinical signs equate to more lightly
scattered PrPSC supports the idea that PrPSC may actual-
ly be an effect of the disease, and time is required for
abnormal prion to accumulate. This is not a novel idea;
several hypotheses have been put forth that bacteria,
viruses, or other factors, not abnormal prions, are actu-
ally the causative agents of prion diseases.21–25

The oral route was chosen because it is the natur-
al route of infection, although reportedly the most inef-
ficient experimental route for PrPSC neuroinvasion,26

making the short incubation time in these sheep even
more unexpected. In our study, sheep merely had the
inoculum placed superficially on the back of the
tongue; however, hamsters inoculated into the tongue
had the shortest incubation period for transmissible
mink encephalopathy ever reported for that type of
hamster.27 This suggests that inoculation into peripher-
al tissues innervated by cranial nerves originating from
the brainstem will result in a more rapid direct prion
neuroinvasion of the brain. In our study, older sheep
may have had small abrasions around teeth, tongue, or
cheeks, but it is unlikely that neonates had such
lesions. On the other hand, in lambs, large protein
molecules move easily through the intestinal wall after
birth for approximately 24 hours, facilitating the pas-
sive uptake of maternally derived antibody. This may
have facilitated absorption of PrPSC into the intestinal
lymph tissue (Peyer’s patches) and mesenteric lymph
nodes and may explain why the incubation time in
lambs was 3 months shorter than that in the inoculat-
ed ewes. Mesenteric lymph nodes in all of the inocu-
lated 136 AV sheep tested positive for PrPSC, supporting
results of earlier studies28,29 indicating that PrPSC enters
the body via the intestines as evidenced by the fact that
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accumulation of PrPSC is first detected in lymphoretic-
ular tissue of the intestines and associated lymphoid
tissue in the naturally occurring disease.

The dose of 5 mL of SBH was purely arbitrary.
When the first sheep inoculated with SBH died quickly,
we believed that the sheep had been given a large over-
dose. However, because the inoculated AARRQQ sheep
were dying of scrapie within the usual time frame with
typical clinical signs, dose likely was not a factor.

The new Uniform Methods and Rules for Scrapie
Control11 recognizes that sheep that are carriers for codon
136 V are at a high risk for scrapie infection even when
they also carry codon 171 R. The definition of genetical-
ly susceptible sheep now includes AVQR ewes epidemio-
logically associated with 136 VV or AV-positive sheep.11

Veterinarians from the USDA Animal and Plant Health
Inspection Service indicate that in flocks in which
scrapie-positive 171 QR sheep have been identified, all or
nearly all sheep testing positive for scrapie have a 136 AV
or VV codon. Epidemiologists from the USDA suggest
that these data strongly support the premise of a second
scrapie type in the United States in which codon 136 V is
the primary determinant of susceptibility,f most likely
similar to the SSBP/1 strain reported in Cheviot sheep at
the NPU in Edinburgh, Ireland.30 Neuropathogenesis
unit Cheviot sheep infected with the SSBP/1 scrapie
strain reportedly have a short (2 to 3 years) incubation
gene (later determined to be VV on codon 136) for
scrapie manifestation and a long (4 to 6 years) incubation
genotype in sheep with codon 136 AV.31 The incubation
period in sheep homozygous for the 136 AA genotype is
believed to be longer than the sheep’s lifetime or to be
totally resistant.30,31 However, the 136/171 AAQQ NPU
Cheviots died of scrapie when infected with another
strain of scrapie (CH1641), whereas the 136/171 AARR
genotype conferred resistance to that strain.32

It was hypothesized that sheep used in our study
may have had another nucleotide variation of the PRNP
not heretofore described, which might have affected the
incubation time of the traditional scrapie strain found in
the United States. Thus, brain tissue of 13 of these sheep
was sent to USDA for DNA sequencing of the PRNP
gene. There were no notable abnormal sequences to
explain the reduced incubation time. It would seem,
then, that our scrapie inoculant had a V-dependent
strain or a strain similar to the SSBP/1 strain, which may
have originated from the two 136 V sheep brains in the
inoculum.

Therefore, there are several possible explanations for
the rapid incubation time seen in sheep in the study
reported here: the strain may have been the traditional
strain of scrapie detected in the United States, and the
incubation time may have been influenced by only the
136 genotype of the sheep; this may be a V-dependent
strain of scrapie similar to the SSBP/1 strain that can also
affect 136 AA sheep (ie, a new, unreported strain); or the
inoculum may have contained both a traditional strain
detected in the United States and a V-dependent strain of
scrapie.

a. Phosphatase reagent 2, Fisher Scientific, Houston, Tex.
b. F89/160.1.5 cell line, Veterinary Medical Research and

Development, Pullman, Wash.

c. Biotinylated anti-mouse IgG, Vector Laboratories Inc,
Burlingame, Calif.

d. Miller J, USDA Agricultural Research Service, Ames, Iowa:
Personal communication, 2004.

e. Richt J, National Animal Disease Center, Ames, Iowa.
f. Sutton DL, National Center for Animal Health Programs,

Animal and Plant Health Inspection Service, USDA, Riverdale,
Md: Personal communication, 2005.
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Many practitioners do not have time to keep up with 
new information pertaining to TSEs and, particularly 

with BSE, learn much of what they know from newscasts 
and newspapers, which can be dubious sources of infor-
mation. Reliable peer-reviewed information is available in 
numerous scientific journals, but most are not readily avail-
able to practitioners. Scrapie is the longest known and most 
widely spread disease among the TSEs and remains the 
model for much research regarding these diseases. Scrapie 
affects animals in the United States and is a reportable dis-
ease and the subject of an active eradication program. How-
ever, to the authors’ knowledge, the last scientific review 
of scrapie was published more than 10 years ago1 in a jour-
nal that is not read by numerous veterinary practitioners. 
As a result, many sheep producers are more knowledge-
able about the disease than many veterinarians. We under-
took to review TSEs, update practitioners, expose certain 
inaccuracies regarding what is known about the disease, 
and answer questions that many producers expect veter- 
inarians to know.

The TSEs are a unique group of diseases that in-
cludes scrapie and are thought by many scientists to 
result from accumulation of a modified cellular protein 
in the brain. This abnormal protein is believed to act as 
a template for conversion of a normal cellular protein 
(prion protein; PrPC) to a modified protein (PrPSC) in 
susceptible animals.2 Susceptibility appears to be con-
trolled genetically in some species (eg, sheep and hu-
mans [which contract Creutzfeldt-Jakob disease] and 
goats3 [which contract scrapie]), whereas in bovids 
(which contract BSE) and deer and elk (which contract 
CWD), a genetic connection has not been identified. 

As it accumulates, this modified cellular protein 
is deposited as amyloid plaque in lymphoreticular and 
nervous tissue, where accumulation is hypothesized to 
cause the signs of CNS disease associated with the vari-
ous TSEs. Although some researchers do not believe 

What veterinary practitioners  
should know about scrapie

that the PrPSC protein itself causes the disease,4-6 results 
of an experimental infectivity study2 have established 
that it is generally a reliable indicator of the presence of 
the infective scrapie agent. 

At present, the widely accepted theory is that, in 
the vicinity of the abnormal prion, PrPC is induced to 
undergo a conformational change in which the α-helical 
content diminishes and the β-sheet content increases.  
Although the chemical composition of the molecule does 
not change, the structural difference changes its chemi-
cal properties.2 For example, PrPC is soluble in denatur- 
ing detergents and is digested by cellular prote-
ases such as proteinase K.7 The PrPSC (and its infect- 
ivity) is not destroyed by detergents, but is resistant to 
breakdown by rendering processes used at present, heat 
sterilization temperatures, UV light, ionizing radiation, 
and many disinfecting agents and is only partially inac-
tivated by proteinase K.

The genetics of scrapie in sheep have been described.8 
Located on chromosome 13, the PrP gene (Prnp) is com-
posed of 3 sections called exons and another section called 
an open reading frame. The open reading frame is 256 
amino acid codons in length. A codon is a 3-nucleotide 
segment of DNA and is comparable to a street address. For 
example, codon 136 is the 136th sequence of 3 DNA mol-
ecules that code for a given amino acid. In sheep, scrapie 
is linked to at least 3 polymorphisms in the PrP gene that 
are responsible for amino acid changes in PrPC encoded by 
codons 136, 154, and 171.

Codon 136 codes for valine (V), alanine (A), or 
threonine (T); codon 154 codes for arginine (R) or 
histidine (H); and codon 171 codes for glutamine (Q), 
lysine (K), H, or R. Resistance to scrapie appears to be 
influenced by 136A,9,10 154H,11 and 171R.12 Genotypes 
136T, 171K, and H are apparently rare worldwide, and 
136V and 154H are also rare in the United States.12 
Genotypes 136V and 171Q appear to be linked because 
136V is never found concurrently with 171R. These 
small changes in the amino acid components of this 
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glyco-plasma membrane protein enable it to resist re-
configuration. 

The purpose of the prion protein has only re-
cently begun to be determined. Laboratory rodents 
that are devoid of prion protein have been developed, 
and no deleterious effects of that mutation have been 
detected.a The fact that the prion protein is found in 
most animal species and is highly conserved suggests 
that it has an important function. Nevertheless, prion-
free knockout rodents appear to be clinically normal 
and have complete resistance to TSEs. A recent study,b 
however, revealed that irradiated mice that received re-
peated transfers of prion-free bone marrow stem cells 
became less hardy and weaker with each subsequent 
transplant. Stem cells from clinically normal mice 
containing prion protein established themselves in  
irradiated mice, which survived subsequent sequential 
transplantations and remained healthy. Prion protein 
appears to protect cells from stress resulting from mul-
tiple replications. Furthermore, in cell culture, it ap-
pears to protect a breast cancer cell line against tumor 
necrosis factor-α–mediated cell death.13 It also appears 
to promote cellular survival in vivo under certain con-
ditions and to have superoxide dismutase (antioxidant) 
and neuroprotective properties related to uptake of diva- 
lent copper.13

The prion protein is not identical among the vari-
ous animal species affected by TSEs. However, there 
is sufficient similarity that multiple antibodies bind to 
prion proteins from different species. These multispe-
cies antibodies are useful for screening tests.14 Hence, 
the same tests are used for detection of BSE, scrapie, 
and CWD in deer and elk. So far, all diagnostic tests 
for TSEs function on the basis of serum antibody reac-
tions. Because animals generally do not make antibod-
ies against self, antibodies are mostly monoclonal in 
origin or are made in knockout rodents that lack prion 
protein. Most of these antibodies react against both 
normal and abnormal prions, and positive test results 
generally rely on the ability of the abnormal prion to 
withstand denaturing detergents, heat, and proteinase 
K digestion. 7

Diagnostic tests commonly used for identification 
of scrapie are immunohistochemical testing, Western 
blot analysis, and ELISAs. At least 4 ELISAs are used 
at present in the European Union for scrapie surveil-
lance at slaughter.15,c None of those assays are validated 
for use in the United States for diagnosis of scrapie,  
although several ELISA test kits have been licensed by 
the USDA Center for Veterinary Biologics for diagnosis 
of CWD in wild elk and deer.16 The immunohistochem-
ical test is considered to be the gold standard for test-
ing in the United States, and it is also the confirmatory 
test at some labs of the World Organization for Animal 
Health.17 The Western blot test is used primarily as a 
research tool and confirmatory test for BSE. An early 
report18 on an immunocapillary electrophoresis assay 
indicated that it might be a valuable tool for detection 
of human BSE (ie, new-variant Creutzfeldt-Jakob dis-
ease) and scrapie in blood, but it is still undergoing 
evaluation as a diagnostic tool. Recently, other blood 
tests have been described that involve more sophisti-
cated techniques such as protein misfolding cyclic am-
plification, aggregation-specific ELISA, and fluorescent 

amplification catalyzed by 17-RNA polymerase. All of 
these tests depend on amplification or replication of 
the prion many thousands of times.19 The latter test can 
detect target protein at femtomolar concentrations and 
can also detect naturally infected mule deer with CWD 
and scrapie-inoculated mice with no clinical signs with 
100% sensitivity and specificity.

The disease—At the time of manuscript prepara-
tion, the prevalence of scrapie in the United States was 
0.1% to 0.3% (percentages that decreased from approx 
0.5% before the eradication program began), as deter-
mined by slaughter surveillance.20 Scrapie primarily af-
fects blackface sheep breeds (eg, Suffolk, Hampshire, 
and crosses of those breeds), which account for approx-
imately 96% of the overall prevalence of the disease.20 In 
the United States, the disease is chiefly related to poly-
morphisms at codon 171 because the 136AA and 154RR 
genotypes are reportedly the norm among US sheep.20,21 
Ninety-one percent of brain samples with positive 
test results for scrapie originated from sheep with the  
AARRQQ genotype.20 However, individual flocks may 
have high prevalences of sheep with the 136V geno-
type,22,23 and genotype 154H is also occasionally de-
tected. Given the predominance of scrapie in the Suf-
folk breed, many producers believe that Suffolk sheep 
are more susceptible to developing scrapie than other 
breeds, but this has not been confirmed. Although geno- 
typing of 2,300 blackface sheep (primarily Suffolks) in 
a 2003 report12 revealed that 43% of those sheep were of 
the 171QQ genotype and only 13% were of the 171RR 
genotype, other domestic sheep breeds have a higher 
frequency of susceptible genetics. Columbia sheep, for 
example, are predominantly of the 171QQ genotype.21

The high prevalence of scrapie in Suffolks in the 
United States is likely to be related to other factors, 
including that the disease was imported in Suffolk 
sheep; imported animals are expensive, and expen-
sive sheep genetics are typically not wasted on cross-
bred or inferior flocks but rather remain congregated 
in purebred flocks; if crossbreeding is done, males 
are usually bred to females of different breeds and 
the disease is not transmitted by males; and Suffolk 
sheep may be used surreptitiously to confer desirable 
traits to sheep of Hampshire breeding, which has the 
next highest prevalence (5%) of the disease. Sheep of 
whiteface breeds (eg, Rambouillet, Southdown, and 
Cheviot) have also developed scrapie,20 but most had 
a history of contact or likely contact with Suffolks. 
So far, scrapie has not been diagnosed in whiteface 
sheep grazed on public lands in the western United 
States.

The 136/171 AAQQ genotype has been associated 
with all instances of scrapie reported in the United 
States except for a few sheep with the 171QR geno-
type, which, to date, has been associated with the 
136AV genotype.20 The 171QR genotype is consid-
ered to confer resistance to scrapie, particularly when 
coupled with 136AA.  In the United Kingdom, the 
136/154/171 AARRQR genotype is one of the most re-
sistant genotypes.24 That genotype has been detected 
in 28% of sheep in the United Kingdom, but the prev-
alence of the disease there is only 0.4 cases/million 
head of sheep. 
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In the new Uniform Methods and Rules for Scrapie 
Control25 published by the USDA, it is recognized that 
sheep with codon 136V are at high risk for develop-
ing scrapie even when they also carry codon 171R. The 
definition of genetically susceptible sheep now includes 
ewes with the 136/171 AVQR genotype that are epide-
miologically associated with flocks in which scrapie 
has been diagnosed in sheep with the 136VV or 136AV  
genotypes. 

In the United States and European Union, efforts 
to control and eliminate the disease by selecting sheep 
with at least one 171R codon and removing sheep with 
genotype 171QQ are in progress,25,26 with the expect- 
ation that the remaining sheep will be resistant to 
scrapie infection. In the states of Texas27 and Washing-
ton,28  breeding animals entering the state must be of 
the 171RR or 171QR genotypes. Veterinarians from the 
USDA APHIS VS require elimination of all sheep with 
the 171QQ genotype from flocks affected with scrapie 
before lifting a flock quarantine, but allow sheep with 
the QR genotype to remain unless associated with co-
don 136AV.25 Skeptics of this scheme worry that reliance 
on genetics for elimination of the disease may induce a 
false sense of security given that there have been several 
reports29-31 of scrapie in Suffolk sheep with the 171RR 
genotype. However, the genotype susceptibility differ-
ences seem to be related to scrapie strain differences. 

In 1988, Irish researchers using scrapie strain SSBP/1 
reported32,33 that Cheviot sheep had a short-incubation 
(2 to 3 years) genotype for scrapie manifestation, which 
was later found to be codon 136VV. Those investigators 
also found that sheep with the 136AV genotype had a 
long-incubation genotype (4 to 6 years). Sheep homo-
zygous for the 136AA genotype were resistant or had 
an incubation period that was longer than the sheep’s  
lifetime. When another scrapie strain (CH1641) was in-
oculated into Cheviot sheep with the 136/171 AAQQ 
genotype, however, those sheep were susceptible to 
scrapie, whereas sheep with the 136/171 AARR geno-
type were resistant to the CH1641 strain. Furthermore, 
the 171RR codon also seemed to convey partial resis-
tance to experimentally induced BSE in sheep that  
underwent intracerebral inoculation.33,d

In flocks containing scrapie-infected sheep that 
carry the 171QR genotype, all or nearly all sheep with 
positive results of tests for scrapie also have the 136AV 
or 136VV genotype. Epidemiologists from the USDA 
APHIS VS suggest that these data strongly support the 
possibility that there is a second scrapie type in the 
United States in which codon 136V is the primary deter- 
minant of susceptibility; that strain has been referred to 
as a V-dependent strain. e 

Strains of scrapie specific to the United States are 
unknown. However, because CH1641, the prototype for 
strain C, causes disease in sheep of the 171QQ geno- 
type regardless of the 136 genotype, some researchers 
hypothesize that the C strain is the most prevalent US 
strain; it may be reasonable to suppose that SSBP/1, the 
prototype for scrapie strain A, would be the V-depen-
dent strain in this country. Strain differentiation, how-
ever, requires comparison of the biochemical proper-
ties of the PrPSC or strain typing by mouse bioassay and  
lesion-profile scoring performed by inoculating 3 con-

ventional mouse lines.34 The mouse bioassay is arduous 
and time-consuming, and its use has not been reported 
to the author’s knowledge for US scrapie strains. 

Nor98, a more recently discovered strain, was de-
tected during surveillance testing by 1 of the 4 ELISAsf 
that are presently used in Europe as rapid screening  
assays.35-37,g  The strain was originally reported in 5 un-
related Norwegian sheep with clinical signs that had 
the unusual genotype of 136/154/171 AAHHQQ or  
AAHRQQ, genotypes that are typically associated with  
resistance conferred by the H at codon 154.  In those sheep, 
no PrPSC was found in either lymphoid tissues or at the 
level of the obex, but was detected primarily in the cere- 
bellum. Results of Western blot analysis indicated that 
the glycotype was different from other known scra-
pie strains or BSE and had a distinctive PrPSC electro- 
phoresis profile that included a low–molecular-weight 
protein band of 12 kDa.35 More recently, a double leu-
cine or leucine-phenylalanine polymorphism at a newly 
reported site, codon 141, has also been associated with 
some of these cases.37 As of June 2004, 38 sheep with 
scrapie involving this strain had been identified. 

More worrisome are the findings of other atypical cases 
of scrapie in the European Union. An obligatory active sur-
veillance program was implemented there in 2002 that was 
based on large-scale testing of both slaughtered and recum-
bent small ruminants and that led to a considerable increase 
in the number of animals with a diagnosis of scrapie. The 
program has also revealed a number of cases of so-called dis-
cordant disease. Interestingly, these cases have also been de-
tected with only 1f of the 4 screening ELISAs. In some of these 
discordant cases, the low–molecular-weight band associat-
ed with Nor98 was detected and some of the involved sheep 
were homozygous for 171R.30,31 Moreover, by the begin- 
ning of 2005, the Veterinary Laboratories Agency of Great 
Britain had detected 83 atypical cases of scrapie from 
110,000 tested samples. Of those atypical cases, 12 sheep 
had the RR genotype, which is associated with the great-
est resistance to scrapie.31 No explanation has been given 
for the increased sensitivityb of that ELISA for detection of 
atypical cases of scrapie, but the anti-prion antibody used in 
the test may play a role.	

The Nor98 strain and other cases of discordant scrapie 
involved single sheep in flocks with no obvious contact with 
affected flocks, suggesting that the infectious agent may 
not have been transmitted by direct contact.38 It has been 
hypothesized that such cases represent spontaneous prion 
disease, analogous to sporadic Creutzfeldt-Jakob disease in 
humans, and that the affected sheep were not infectious. 
However, the disease has been transmitted from samples of 
Nor98 infected brain and the brains of 3 other sheep with 
discordant scrapie (genotype 171RR) to transgenic mice 
expressing sheep prion protein.37 It is also possible that 
these scrapie strains are similar to BSE in that they do not 
appear to be transmitted by natural means. Nevertheless, 
it is of concern that sheep with the 136/154/171 AARRRR  
genotype can no longer be assumed to be free of naturally 
acquired TSE. This finding challenges the foundation of se-
lective breeding programs sponsored by the USDA APHIS 
VS and certain members of the European Union. In March 
2007, the USDA announced that it had identified a single 
Wyoming ewe with Nor98 strain of scrapie; however, other 
discordant strains have not yet been found in the United 
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States. Unless the USDA APHIS VS endorses use of the 
ELISA test that has successfully detected the atypical scra-
pie strains, it is not likely that we will know what the prev-
alence of these odd strains in the United States really is.

Disease transmission—Interestingly, scrapie does 
not appear to be transmitted in utero despite the fact 
that the placenta and placental fluids contain PrPSC. 

Lambs delivered via Caesarian section from infected 
dams and isolated from infected sheep remain disease 
free.39

Despite the wide distribution of PrPC in reproduc-
tive, placental, and certain fetal tissues and fluids, PrPSC 
has been detected only in the caruncular portion of the 
endometrium and cotyledonary chorioallantois (the 
fetal-maternal interface) of pregnant scrapie-infected 
ewes40 and only if both dam and fetus are of a suscep-
tible genotype.41 The embryo or fetus is not exposed 
to scrapie while in utero in a scrapie-infected dam be-
cause there is physical separation from PrPSC-containing  
allantoic fluid and chorioallantois by the amnion, which 
remains free of PrPSC even when the other placental tis-
sues are infected.41,42 In other words, even if tissues of 
the maternal side of the placenta carry a susceptible 
prion protein, susceptible prion-containing cells from 
the fetal side of the placenta appear to be necessary for 
conversion to PrPSC. Thus, an infected ewe introduced 
into a clean flock and bred to a ram with the 171RR 
genotype is unlikely to transmit scrapie. That does not 
necessarily hold true, however, if the ewe is bred to a 
ram with the 171QR genotype. In that instance, the spa-
tial relationship between fetuses in utero can influence 
PrPSC accumulation in ewes carrying fetuses with dif-
ferent genotypes. It appears that partial or incomplete 
anastomosis can exist in the blood supply to cotyledons 
of fetuses of different genotypes on the same side of the 
uterine horn,42 and this can result in accumulation of 
PrPSC in cotyledons with resistant genotypes.

The disease is naturally transmitted from infected 
dams during lambing via ingestion of infected placenta 
or allantoic fluids by flockmates and newborn lambs. 
Infected males are not believed to transmit the disease.

Findings from earlier research suggested that other 
body excretions remain free of scrapie infectivity. How-
ever, it is now known that scrapie can be transmitted 
to other sheep via blood transfusion,43 and antemortem 
detection of scrapie prions in the blood has recently 
been reported.19 Infectivity via that route is low, how-
ever, with a large volume of blood (400 to 500 mL) re-
quired to transmit disease. 

Replication of scrapie prion requires the partici-
pation of cells related to the immune system (such as 
follicular dendritic cells and B-lymphocytes express-
ing tumor necrosis factor) and lymphotoxin α and β  
(factors present in the spleen and lymph nodes).44 Chron-
ic inflammatory conditions are usually accompanied by  
accumulation of B and T lymphocytes, follicular den-
dritic cells, and lymphotoxins at the site of inflamma-
tion. In 1 study45 involving mice with chronic hepatitis, 
nephritis, and pancreatitis, mice infected with scrapie 
were found to have PrPSC in the liver, kidneys, and pan-
creas, organs that do not contain scrapie prion in typi-
cal scrapie-infected mice. In another study,46 naturally 
infected sheep with scrapie were also infected with mae-

di-visna virus, the European strain of ovine progressive 
pneumonia virus. In that study, PrPSC was found in the 
mammary gland of sheep with lymphoid follicular mas-
titis (ie, hard bag), a common clinical sign of infection 
with the ovine progressive pneumonia virus. A common 
disease of sheep in the United States, ovine progressive 
pneumonia is characterized by lymphocytic infiltration 
of the lungs and mammary gland; joints and brain tissue 
may also be affected. Weight loss is a common sign of 
this disease, and when the brain is affected (the condi-
tion called visna), signs can mimic those of scrapie.

It is widely accepted that previous premises con-
tamination can be a source of scrapie infection. An-
ecdotal accounts abound of flock depopulation and 
premises decontamination, followed by recurrence of 
disease in repopulated infection-free sheep. An early 
experiment46 in which scrapie-contaminated material 
was buried for 3 years indicated that it remained infec-
tious when unearthed.47 In another study,48 it was found 
that prions released in soil rich in phyllosilicates (such 
as clay) would be strongly adsorbed but could remain 
active. This may increase the risk of infection for ru-
minants grazing contaminated pastures or exposed to 
contaminated groundwater. Researchers believe that 
the infectious agent of scrapie has persisted in regions 
of Iceland for at least 16 years,49 and its persistence has 
been proposed as being related to high concentrations 
of iron and a high iron-to-manganese ratio in the forage 
of those areas.50 Carriage of prions by grass mites has 
also been reported,51 but the importance of this finding 
is unknown. 

Disease signs—Classic scrapie, which results from 
ingestion of PrPSC by a susceptible sheep carrying the 
136/171AAQQ genotype (the most common genotype 
in the United States), is a long-term, progressive, and 
debilitating neurologic illness that is believed to be 
uniformly fatal. Clinical signs may be noticed from 18 
months to 5 years after exposure and include progres-
sive weight loss with no concurrent loss in appetite, 
progressive ataxia, fine head tremors (most apparent in 
the ears), and cutaneous hypersensitivity. In an earlier 
study,23 only about 70% of naturally exposed sheep with 
clinical signs of scrapie had pruritis (the clinical signs 
of which give rise to the disease’s name); pruritis was 
not observed in any of the experimentally inoculated 
sheep with the AVQQ genotype.23 Behavioral changes 
are often detected, with sheep assuming a vacant, fixed 
stare or suddenly becoming aggressive. Signs of hyper-
sensitivity are often elicited by rubbing or scratching 
the sheep’s back, which induces the sheep to throw its 
head back, make chewing motions and lick at the air, or 
compulsively nibble at the limbs below the carpus.

Ataxia is first detected when sheep are running. 
The hind limbs of sheep appear to be uncoordinated 
with the forelimbs, and affected animals adopt a bunny-
hopping gait. Sheep often have a high-stepping gait in 
the forelimbs, resembling a prancing horse. As signs 
worsen, the hindquarters may sway when the sheep is 
standing.

Clinical signs last from 1 to > 3 months; sheep 
generally become recumbent because of weakness and 
incoordination. If helped up, an affected sheep may be 
able to remain standing for hours, but may not be able 
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to rise unassisted if it falls or lies down. Death follows 
within 1 to 2 weeks of a sheep becoming unable to right 
itself. Blindness, resembling that seen with polioen-
cephalomalacia, occasionally develops.

Differential diagnoses include other diseases char-
acterized by chronic weight loss: caseous lymphadeni-
tis, abomasal emptying disease, Johne’s disease, ovine 
progressive pneumonia (visna), dentition problems, 
and meningitis. The clinical signs of scrapie can vary, 
depending on the sheep’s genotype and the strain of 
scrapie involved. Sheep with genotype 136/154/171 
AVRRQQ that were orally inoculated with a brain homo- 
genate from 7 domestic scrapie-infected sheep died 
after an abnormally short incubation time of approx-
imately 1 year.23 In those sheep, clinical signs varied 
from none (ie, sudden death) to being found unable to 
rise in the absence of previous ataxia and dying in 2 to 3 
days to a substantially more rapid clinical course of the 
classic manifestation, lasting no longer than 3 weeks. 
Weight loss and signs of pruritis were not observed. 
Most veterinarians or producers would not recognize 
sheep with these signs as having scrapie. A complete 
necropsy should be performed on any sheep that dies 
unexpectedly, including evaluation and submission of 
the brain for immunohistochemical testing for scrapie.

Diagnosis—The pathologic changes associated 
with scrapie are confined to the CNS and include vac-
uolation, neuronal loss, astrocytosis, and accumula-
tion of amyloid plaques. However, because histologic 
change can be inapparent, diagnosis of the disease in 
the United States relies on immunohistochemical test-
ing to reveal the presence of PrPSC in brain or lymphoid 
tissue.52 The necessity for this type of testing was par-
ticularly evident in the study23 involving inoculated 
136/171 AVQQ-genotype sheep. Sheep do not mount 
an immune response against the abnormal prion, and 
at present, no sensitive or completely reliable test for 
diagnosis during the preclinical stages of the disease 
is available. 

Detection of PrPSC in spleen; retropharyngeal, mes-
enteric, and prescapular lymph nodes53; third-eyelid 
lymphoid tissue54; tonsil55; tongue56; retina57; rectal ring 
tissue58; spinal fluid59; and blood19,60 prior to appearance 
of PrPSC in the brain or of clinical signs has been reported. 
Deposition of PrPSC in certain tissues enables detection of 
subclinical disease by biopsy in some instances. Detec- 
tion of PrPSC has been reportedh in 76% of tonsils exam-
ined and 57% of lymphoid tissue specimens collected 
from the third eyelid of infected sheep. A small number 
of sheep in which the brain contains PrPSC do not have 
detectable PrPSC in the lymph nodes, and that num-
ber may be influenced by sheep genotype or scrapie 
strain.35,61 The Nor98 strain, for example, has not been 
found in lymphoid tissues.35

The palatine tonsil has been used for biopsy and 
diagnosis,55,62 but obtaining samples is not practical for 
use in live animals. Biopsy of lymph follicles of the third 
eyelid, although simpler and validated as a diagnostic 
test, yields a high percentage of unreadable samples 
because follicles may not be present in adequate num-
bers in as many as 40% to 60% of adult sheep.h Biopsy 
of other lymphoid tissues, such as mandibular lymph 
nodes and rectal mucosa, has not been validated as a 

diagnostic technique. However, biopsy of those sites 
may be useful diagnostically because examination of 
several tissues is likely to improve the chances of diag- 
nosis. It has not been established at what time in the 
course of the disease the agent will consistently appear 
in these tissues, but it may be as early as 14 months af-
ter exposure. This interval likely depends on the age of 
the sheep at exposure and on the genotype or strain of 
scrapie because the incubation time in sheep with the 
136V genotype appears to be shorter.23

Thorough histologic examination of the third 
eyelid has revealed that most lymphoid follicles are in 
the lamina propria of protuberances on the palpebral 
surface, rather than on the bulbar surface. Instillation 
of histamine into the conjunctival sac temporarily  
inflames the lymphoid follicles and may make them 
easier to sample. Administration of xylazine (0.1 mg/lb, 
IV) for restraint and topical administration of an anes-
thetic facilitates biopsy of third-eyelid lymphoid tissue 
and enables easy sampling of the mandibular lymph 
node and rectal-anal mucosa.

Regarding rectal biopsy, lymphoid tissue is located 
between the folds of the entire circumference of the rec-
tal mucosa, extending to a point approximately 1 cm 
cranial to the mucocutaneous junction at the entry to 
the rectum. A small specimen of this tissue can easily be 
obtained from even an unsedated sheep.58,62 Lymphoid 
tissue collected from either the eyelid or rectum should 
be laid on a small piece of sponge to keep it flat; sponge 
and adherent tissue can be placed in formalin solution 
without the tissue curling. For disinfection, instruments 
should be soaked in 2.5N NaOH or another disinfectant 
with activity against abnormal prions63,i for at least 24 
hours before rinsing and sterilization in an autoclave.

In summary, scrapie is a reportable disease with an 
active and ongoing eradication program. The disease 
may cause clinical signs that are subtle and nonspecif-
ic, but most sheep with scrapie have one or more of the 
following signs: pruritis, weight loss without appetite 
loss, ataxia, weakness, head tremors, and cutaneous 
hypersensitivity. Early clinical signs may be restricted 
to fine tremors of the head that progress during a 1- to 
3-month interval to noticeable head tremors, incoor- 
dination, and recumbency. Diagnosis is made on the 
basis of results of immunohistochemical staining of 
the obex and other parts of the brain or lymphoid 
tissue for PrPSC. At present, no highly sensitive test 
is available for use in live animals; however, biopsy 
of lymphoid tissue from the third eyelid, rectum, or 
mandibular lymph node may reveal sheep with scrapie 
before clinical signs develop. Recent development of a 
test capable of detecting PrPSC in blood60 yields hope 
that a simple, cost-effective, and sensitive blood test 
for preclinical diagnosis of scrapie will be available in 
the future.

In the United States, sheep of blackface breeds 
(chiefly Suffolks) are responsible for 96% of scrapie 
diagnoses. Whiteface sheep comprise only a small 
percentage (4%) of cases, and the disease has yet to 
be reported in whiteface range sheep in the western  
United States. Genetics play a role in the susceptibility 
of sheep to scrapie, with the codons 136, 154, and 171 
being chiefly involved. Sheep with codon 136VV geno-
types are more susceptible to scrapie than those with 
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the 136AV genotype; sheep with the 136AA genotype 
are less susceptible. Sheep with codon 171RR are the 
most resistant to scrapie, followed by sheep with the 
QR genotype.  Sheep with the QQ genotype are the least 
resistant. Codon 154H confers resistance, but is rare 
in US sheep. At least 12 sheep with the 171RR geno-
type have been diagnosed with scrapie in the European 
Union on the basis of an ELISA test that is not presently 
used in the United States. 
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lymphoid follicular tissue with that of the third eyelid of scrapie-exposed sheep to 25 

determine which is the better tissue for PrPsc diagnosis.  26 

Design: Two hundred-ten scrapie-exposed sheep were tested for three years.  27 

Animals: Sheep from infected flocks were identified, genotyped and bred.   Beginning at 28 

12 months of age, sheep had eyelid and rectal lymphoid biopsies taken annually.  29 

Procedures: The tissues were biopsied, fixed in formalin, sectioned for 30 

immunohistochemistry and stained for prion protein.  Brain, tonsils, retropharyngeal, 31 

mesenteric, mandibular lymph nodes and remaining tissue from third eyelids and rectum 32 

were sampled from animals that died and tested also.   33 

Results: Eight-three animals were positive based on results from eyelid, rectal follicular 34 

tissue or from necropsy results.  Sixty-eight percent of the positive animals, tested 35 

positive on the eyelid biopsy, 72.3% tested positive on the rectal biopsy.  Forty-two 36 

animals tested positive on both biopsies.  The youngest positive sheep were codon 37 

136/171 AVQQ and VVQQ.  The average age of animals having "no follicles" in one or 38 

more biopsies was 4.2 years.  The oldest positive animals were positive on the rectal but 39 

negative on eyelid biopsy.  Nine negative sheep on biopsy were found to be positive on 40 

necropsy.   41 

Conclusions and Clinical Relevance:  The rectal biopsy seems to be slightly superior to 42 

the third eyelid.  However, sampling both sites appeared to be far more advantageous.  43 

Utilization of the rectal site only would have missed 28% of the positive animals. 44 

------------------------------------------------------------------------------------------------------------ 45 



 Scrapie appears to be the result of accumulating post-translationally modified 46 

cellular protein (PrPSC), a reliable indicator of the presence of the infective scrapie 47 

agent in sheep1.  The PrPSC apparently acts as a template for the conversion of normal 48 

cellular protein (PrPC) to PrPSC resulting in a conformational change whereby its alpha-49 

helical content diminishes and the beta-sheet content increases.  These structural 50 

differences change its chemical properties and possibly its pathogenesis.   51 

 The source of scrapie is believed to be infected birthing fluids and placenta; the 52 

route of naturally occurring infection is orally either by the lamb during or after birth or 53 

other adults licking, drinking or eating the infected fluids and placenta2.  Access into the 54 

body is probably via ileal villous lacteals and sub mucosal lymphatics3.  From there it can 55 

be demonstrated in dendritic-like cells in the draining lymph nodes up to 24 hrs post 56 

challenge.  Replication of infection, demonstrated by accumulation of PrPSC in Peyer’s 57 

patches has been detected at 30 days in inoculated sheep3.  In some studies the 58 

accumulation of PrPSC in the tissues of the lymphoreticular system has been shown to 59 

facilitate neuro-invasion4.  Once infection replicates in the lymphoid nodules of the gut-60 

associated lymphoid tissue, dissemination to the other lymphoreticular and nervous 61 

tissues can occur via blood and/or lymph5.  The eventual outcome is a progressive, 62 

debilitating, neurological illness, which is always fatal.   63 

 The presence of PrPSC in lymph tissue of the body generally precedes that in the 64 

brain.  Using PrP immunohistochemistry (IHC), PrPSC can be detected in lymphoid 65 

tissue such as that of the spleen, tonsil, retropharyngeal, mesenteric and prescapular 66 

lymph nodes of affected animals prior to accumulation in the CNS.  This progression of 67 

PrPSC infectivity has led to sampling of easily accessible superficial lymphoid tissue for 68 



preclinical testing for scrapie6,7.  Lymphoid follicles found in tissues of the third eyelid 69 

(EL), easily sampled in the live, non-anesthetized animal, for example, have been 70 

adopted as a live animal test for the scrapie eradication program8.  71 

  However, the technique is hampered by the lack of an adequate number of 72 

follicles for PrPSC examination in a significant number (as high as 40%-60%),9 in some 73 

groups of adult sheep.  The mandibular lymph node is another possibility, almost always 74 

having follicles, but requires simple surgery, making it a less convenient sample.  It was 75 

recently reported that PrPSC can be found in scrapie-positive sheep within lymphoid 76 

follicles found at the muco-cutaneous border of the rectum (RF)10.   77 

 The following report summarizes data gathered from 210 sheep naturally exposed 78 

to scrapie, comparing IHC results from EL follicles and RF for the presence of PrPSC in 79 

biopsy (live) as well as necropsy samples where the results could be compared with the 80 

presence of PrPSC in the brain and other lymphoid tissue.  81 

  82 

Materials and Methods: 83 

 Animals:  Between 1996 and 1999, flocks in the State of Idaho diagnosed with 84 

scrapie were subjected to depopulation and donated to the University of Idaho, Caine 85 

Veterinary Teaching Center for scrapie research.  Since then, sheep numbers have been 86 

kept at about 200 head by selective euthanasia.  Approximately 35 head of 171 codon 87 

glutamine (Q), arginine (R) genotype have been maintained and the rest are 171 QQ.  88 

Codon 136 valine (V), alanine (A), and AV genotypes are present in the flock.  All 89 

sheep in this study were codon 154 RR.  For this report, genotype is expressed by 90 

recording codon 136 first, followed by codon 171.  Each sheep is uniquely identified and 91 



individual records are kept on each animal.  The ewes are bred each year to insure a high 92 

degree of exposure and continued transmission of scrapie in the flock.  93 

 The animals are kept in outside dry lot pens with fence-line feeders and shelter 94 

from inclement weather.  Their base diet is alfalfa hay.  Grain is fed during pregnancy 95 

and lactation.  Heated, automatic waterers provide water ad lib.  A trace mineral salt with 96 

selenium for sheep is provided.  Technicians check the animals twice a day and record 97 

any problems or abnormal behavior.  Sick animals are separated into a sick pen for 98 

special care.  Beginning at approximately 12 months of age, sheep have EL biopsies 99 

taken annually and since 2005, rectal biopsies have been added to the protocol.  Facilities 100 

and care meet Federal ACU specifications. 101 

 Biopsy protocol:  For EL biopsy, the O’Rourke and Parrish technique was 102 

followed11 with the exception that xylazine (0.2 mg/lb) was given IV for sedation and 103 

analgesia.  104 

 Rectal tissue just inside the muco-cutaneous border is picked up by a pair of 105 

forceps and snipped off using scissors as previously described10.  The piece of tissue, 106 

approximately 0.5 x 1.0 cm in size, is placed in a sponge-containing cassette and dropped 107 

into formalin.  Instruments are soaked in 2.5 N NaOH overnight, rinsed, autoclaved and 108 

reused at a later date. 109 

Necropsy protocol:  Animals affected with scrapie were euthanized when they no 110 

longer were able to keep themselves upright.  Animals with other problems were also 111 

euthanized when they became unresponsive to treatment.  Selective euthanasia was done 112 

on sheep older than 18 months, chosen randomly, that had negative tests on EL and RF 113 

biopsies.  Necropsies were done immediately after euthanasia.  If gross abnormalities 114 



were present, samples of affected parts are taken for bacteriological examination and/or 115 

placed into formalin for microscopic examination.  Brain, tonsil, retropharyngeal lymph 116 

node, mandibular lymph node, EL lymphoid tissue (if still present), RF, and intestinal 117 

lymph node were sampled and placed into 10% buffered formalin for IHC. 118 

Immunohistochemistry test:   119 

Tissues were grossed and put into cassettes.  The tissues in the cassettes were 120 

washed in running tap water for 15 min and then treated with a bath of 95% formic acid 121 

for one hour.  A two to three hour rinse in running tap water followed before processing 122 

for sectioning.  The tissues were cut at 4 microns.  The IHC stain was done on a Ventana 123 

Benchmark LT a, and all reagents used were Ventana products.  The detection kit used 124 

was the UltraView Redb with hematoxylin as a counter stain followed by a bluing 125 

reagent.  The incubation time for the anti-prion antibody 99/97.6.1 was 24 minutes.  Five 126 

follicles were required on a biopsy to be read as “negative”, otherwise it was recorded as 127 

“no follicles” (NF).  Suspicious results were recorded when deposits were lightly 128 

dispersed and scarce.  For this study, however, suspicious results were considered 129 

positive. 130 

 131 

Results: 132 

 A total of 210 animals had both EL and RF tissue tested for PrPSC by biopsy.  133 

Twenty-four of those have died and had tissues tested at necropsy. 134 

Seventy-four animals were considered positive by biopsy (Tables 1 and 2).  Nine 135 

additional animals with both negative EL and RF tissue were found to have other positive 136 



tissues on necropsy, i.e. brain, tonsils, retropharyngeal and/or other lymph nodes, making 137 

a total of 83 positive animals.  One of the nine had PrPSC only in the brain.   138 

Thirty-five (14 EL and 21 RF, 6.7% and 10.0%, respectively) had one or both 139 

biopsies recorded as NF.  These animals tended to be older (Table 3); those that had NF 140 

recorded for the RF averaged 4.1 years, those for EL averaged 3.1 years.  Twenty-four of 141 

the 35 were positive on the opposing lymph node.  Five of the remaining 11 animals in 142 

which the opposing tissue was negative have died and were confirmed as negative on 143 

necropsy tissues.  144 

One hundred eleven of the tested animals (52.9%) were considered negative, 145 

having agreement on the two biopsies.  However, 9 of those (4.3%) were found to be 146 

positive after necropsy.  Ages of these 9 animals ranged from 1.1 to 7.8 years of age.  147 

One of the 9 had PrPSC only in the brain.  Those that had both positive EL and RF tissues 148 

on necropsy averaged 1.7 years.   149 

Of the 83 positives, 56 (67.5%) had positive EL of which 8 were negative on RF 150 

and 5 were NF.  Fifty-nine (71.1%) had positive RF of which 42 (50.6%) had positive EL 151 

and there were 16 positive RF samples for which the EL was negative.  So far, 10 of 152 

those deemed to be positive on the live tests have died and been confirmed on necropsy. 153 

The predominant genotype (Table 4) of the negative scrapie-exposed sheep was 154 

AAQQ (81.1%) but then, it made up 43% of the entire group of 210.  The predominant 155 

genotype of the positive sheep was AVQQ (37.3%) while it made up only 29.5% of the 156 

entire group.  The VVQQ animals made up only 11% of the group with a total of 23 157 

animals; 22 were considered positive on biopsy.  The remaining VVQQ animal was 158 

negative in EL and RF, but was positive upon necropsy; making 100% of the group 159 



positive.  It died at 2 yrs of age with clinical symptoms of scrapie.  Oddly, the brain 160 

tested negative for PrPSC while lymphoid samples were positive.  Nineteen of the VVQQ 161 

animals were positive for PrPSC in both biopsy tissues.  Twelve of the 23 have died and 162 

have been confirmed by necropsy results as well.   163 

The AAQR animals in the flock totaled 19; 10.5% of the group tested positive.  164 

One had PrPSC in both biopsy tissues, one was positive in the EL and had NF in the RF.  165 

One animal was 4.3 yrs while the other lost its original tag and thus the age was 166 

unknown.  There were no positive biopsies in the 15 AVQR sheep. 167 

Discussion: 168 

Actually, for this study the number of NF for EL (6.7%) was less than we have 169 

encountered in the past12.  However, only 50.6% of the animals deemed positive tested 170 

positive in both tests.  Interestingly, these animals that tested positive in both tests 171 

averaged between 1.1 and 3.0 years. 172 

There were 17 RF only positive and 14 EL only positive samples.  Since just 3 of 173 

these have died, those results are not yet confirmed.  However, so far those that have died 174 

with a positive test in one or more biopsy sites have been confirmed.  It appears that the 175 

follicles of the eyelid may be slightly less likely than the RFs to collect PrPSC.  Genotype 176 

appears to affect susceptibility.  Only 20.5% of the positive animals were AAQQ though 177 

they made up the majority of the flock (42.9%).  On the other hand, 37.3% of the total 178 

positive animals were AVQQ even though this genotype totaled only 62 animals.  Half 179 

(50.0%) of this genotype group was positive.  Further, all 23 of the 23 VVQQ genotype 180 

were positive.  Considering that these were only a small percentage (11.0%) of the flock, 181 

this confirms the high susceptibility of this genotype to scrapie as reported elsewhere13-- 182 



particularly when exposed to a V-dependant strain of scrapie14.  Noteworthy is the 183 

finding that two of 19 (10.5%) AAQR sheep, considered to be quite resistant, were also 184 

positive whereas none of the 15 AVQR sheep (considered to be quite susceptible to the 185 

V-dependent strain of scrapie8,14) were positive at time of testing.  Previous results have 186 

suggested that it is likely that there is a V-dependent or some different strain in addition 187 

to the usual U.S. strain of scrapie agent in this flock.15  Thus the pattern of genotypes 188 

falling prey to scrapie in this flock is probably much different than that seen in flocks 189 

affected by just one of the strains of scrapie more commonly found in the general 190 

population of U.S. sheep.  The relatively high percentage of AAQR sheep testing positive 191 

may be a result of the high exposure received by these sheep but doesn’t explain apparent 192 

resistance of the AVQQ sheep.   193 

Nine of the 83 positive animals showed no PrPSC in either peripheral biopsy but 194 

were positive in tissues other than EL or RF or in just the brain at necropsy.  Four of the 195 

nine animals were genotype AAQQ and 5 were AVQQ, thus accumulation of PrPSC in 196 

peripheral lymph tissue does not seem to be affected by genotype nor is the lack PrPSC in 197 

lymphoid tissue unique to the just one breed of sheep16.  Since only 14 designated 198 

negative animals have died so far and been necropsied, it seems very likely that the false 199 

negative group will be much higher.  200 

The VVQQ animal testing as negative in EL and RF tissue, then found to be 201 

positive after necropsy, died at 2 yrs of age with clinical symptoms of scrapie is 202 

particularly fascinating.  Although all lymphoid tissues tested positive, the brain tested 203 

negative for PrPSC in spite of the animal dying as a result of its clinical signs.  This 204 

animal is not totally unique.  In a previous report, genotypic AVQQ animals dying with 205 



clinical signs of scrapie had light and scarce deposition of PrPrSC in brain tissue15 and 206 

there is also evidence of this in other species17.  Certainly, the IHC evidence was not 207 

enough to explain the signs exhibited by the animals.  These situations certainly increase 208 

the evidence that accumulation of PrPSC in tissues is the result of some other etiological 209 

agent and not itself the etiologic agent of the disease and lends credence to other 210 

reports.18,19,20,21 211 

Genotype, as reported elsewhere,13 also appeared to be associated with incubation 212 

time, particularly when related to the 136V genotype21.  Seventeen AAQQ animals that 213 

tested positive in one or both EL and RF were an average of 3.1 years of age; 31 AVQQ 214 

animals averaged 1.6 years of age and the 23 VVQQ averaged 1.5 years of age, when 215 

identified as positive.  Many of the AVQQ and the VVQQ animals tested positive on 216 

their first sampling at approximately one year of age.  For our purposes, it is important 217 

that we identify our positive animals early and we believe it would be useful to start 218 

testing these two genotypes earlier than one year of age. 219 

Follicular tissue tends to diminish with age.  The EL tests start losing follicles 220 

earlier than RF samples (3.1 yrs vs. 4.1 yrs)  There is some suggestion that the amount of 221 

lymphoid tissue ringing the anus is less at the dorsal and ventral location.  Obviously 222 

experience improves the results for RF sampling as well as for the EL.  Never the less, it 223 

is interesting that NF was greater for RF than EL and the problem remains a major 224 

drawback of both procedures.  225 

Since we will be testing the negative animals again and again, we only take one 226 

sample from a site at a time, leaving remaining samples for later testing.  Any animal 227 

with a suspicious test is considered positive and kept in the flock but tested again the 228 



following year to hopefully confirm the suspicious diagnosis.  Testing necropsy samples 229 

gives the final diagnosis.  As incubation time can be as long as 5 plus years, many of our 230 

animals, particularly those with AAQQ and AAQR genotypes may not be confirmed for a 231 

couple of years.   232 

Since 50.6% of our positive animals were positive on both samples, it does appear 233 

that taking both biopsy samples is likely to be far more rewarding than sampling from 234 

just one site.  Taking multiple samples from the rectum may also have improved the 235 

sensitivity of the rectal biopsy.  236 

Actually, if presented with a client’s animal showing signs suggestive of scrapie, 237 

a practicing veterinarian may wish to take several rectal biopsies, an eyelid sample and a 238 

biopsy of the mandibular lymph node to be tested.  In this instance, increasing the 239 

likelihood of an animal actually not having scrapie is important especially if the animal is 240 

valuable and the owner wishes to attempt treating the animal.  241 

Having a simple, low-cost, relatively rapid, dependable and sensitive live animal 242 

test is important for us and very important for scrapie eradication in all sheep raising 243 

countries.  Thus, many researchers are working diligently on a blood test.  Certainly 244 

blood would be a far more convenient sample, but prions in the blood have been elusive.  245 

Recently, however, a test has been reported for the detection of PrPSC in the blood 246 

of infected but asymptomatic animals23.  This procedure combines two very sensitive 247 

assays, an in vitro amplification step with a novel aggregation-specific ELISA and a 248 

fluorescent amplification catalyzed by T7 RNA polymerase technique.  This procedure 249 

can detect PrPSC at femtomolar levels. 250 



This is an exciting development but tests on blood from sheep with clinical signs 251 

have not yet been reported.  Further, it is not likely that this test will be simple, 252 

inexpensive or rapid, at least not in the near future.  Thus lymphoid biopsy and IHC is 253 

likely to be our best testing procedure for some time to come.  254 

aVentana Medical Systems, Inc. 1910 E. Innovation Park Dr. Tucson, AZ 85755 255 

bUltra Red Veiw Kit: Ventana Medical Systems, Inc. 1910 E. Innovation Park Dr. 256 

Tucson, AZ 85755  257 
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Table 1.  Comparison of Third Eyelid and Rectal Lymphoid Tissue Biopsies for Presence 320 

of PrPSC in 83 Animals Diagnosed as Positive for Scrapie  321 

 Rectal 

positive 

Rectal  

negative 

No rectal 

follicles  

Total 

Eye positive 42 (50.6%) 8 (9.6%) 6 (7.2%)   56 (67.5%) 

Eye negative 16 (19.3%) 9*(10.8%) NA 25 (30.1%) 

No eye follicles   2 (2.4%) NA NA   2 (2.4%) 

Total 60 (72.3%) 17 (20.5%) 6 (7.2%) 83 (100%) 

    

∗Animals diagnosed as positive on tissues besides EL and RF on necropsy. 322 

 323 

Table 2.  Comparison of Third Eyelid and Rectal Lymphoid Tissue Biopsies for Presence 324 

of PrPSC by Immunohistochemistry Staining in 210 Naturally Exposed Animals  325 

 Rectal 

positive 

Rectal 

negative 

No rectal 

follicles  

Total 

Eyelid positive 42 (19.8%)   8 (3.8%) 5 (2.4%)     55 (26.2%) 

Eyelid negative 16 (7.5%) 112*(52.8%) 13 (6.1%) 141 (66.5%) 

No eye follicles   1 (0.4%)   1 (5.2%) 2 (0.9%)   14 (6.7%) 

Total 59 (28.1%) 131 (61.8%) 20 (9.5%) 210 (100%) 

    

*Nine of these animals were found to be positive on necropsy326 



Table 3.  Average and Range of Age of Sheep in Years Showing Presence of PrPSC 327 

within Lymphoid Follicles (and Those with No Follicles) of the Third Eyelid and Rectal 328 

Mucosal Tissue Using Immunohistochemistry Staining 329 

Tissue Results Rectal positive Rectal negative No rectal follicles  

Eye positive 1.7   (1.1-3.0) 1.8   (1.3-2.3) 2.6   (1.1-4.4)    

Eye negative 2.3   (1.1-5.6) 2.9   (1.1-7.8) 4.1   (1.1-5.8) 

No eyelid follicles 1.6   (1.1-2.2) 3.1   (1.1-4.5)  4.2   (2.1-6.0) 

 330 



Table 4. Comparison of Genotypes, Age Range and Average Age of 83 Scrapie Positive 331 

and 127 Scrapie Negative Animals Diagnosed using Immunohistochemistry Staining on 332 

Third Eyelid and Rectal Lymphoid Biopsy and Necropsy Samples.*  333 

       Genotype  
Tissue Results 

AAQQ AAQR AVQQ VVQQ AVQR 

EL+, RF+ 
Age range, years 
age avg, years 

7 
1.75-2.7 
2.1 

1 
Unk 

15 
1.1-3.0 
1.9 

19 
1.1-2.3 
1.5 

0 

EL+, RF NF 
Age range, years 
Age avg, years 

1 
 
4.4 

1 
 
4.3 

2 
1.1-1.8 
1.5 

1 
 
1.8 

0 

EL+, RF neg 
Age range, years 
Age avg, years 

4 
1.5-5.3 
2.7 

0 3 
1.8-2.3 
2.0 

1 
 
1.3 

0 

EL NF, RF + 
Age range, years 
Age avg, years 

0 0 1 
 
2.2 

0 0 

EL neg, RF+ 
Age range, years 
Age avg, years 

5 
4.2-5.6 
4.9 

0 10 
1.1-2.0 
1.2 

1 
 
1.1 

0 

EL neg, RF neg 
Age range, years 
Age avg, years 

56 
1.5-7.8 
2.8 

15 
3.3-7.8 
4.3 

26 
0.8-6.8 
1.8 

1 
 
1.8 

13 
1.1-6.8 
2.9 

EL NF, RF neg 
Age range, years 
Age avg, years 

8 
2.3-5.4 
3.9 

0 2 
1.1-1.8 
1.4 

0 1 
 
1.3 

EL neg, RF NF 
Age range, years 
Age avg, years 

8 
3.3-5.8 
4.3 

2 
3.3-4.3 
3.8 

2 
1.1-1.3 
1.2 

0 1 
 
2.0 

EL NF, RF NF 
Age range, years 
Age avg, years 

1 
 
4.3 

0 1 
 
2.1 

0 0 

Total negative  
Age range, years 
Age avg, years 

73 17 31 1 15 

Total positive 
Age range, years 
Age avg, years 

17 2 31 22 0 

Total 
Age range, years 
Age avg, years 

90 19 62 23 15 

*=the genotype of one sheep was not available 334 
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SUPPORTING DATA: 

 

Table 1 Titration of natural infections in mice with same-species PrP transgene. 
Titration Method: End-Point Dilution 

Sample: WHO  
sCJD I 

WHO 
 sCJD II 

WHO  
vCJD 

WHO  
fCJD 

Natural 
Sheep 

Scrapie 
Transgenic Human Human Human Human Sheep 

Days pi 393 387 386 274 550 
Dilution1 Infected/inoculated 

10-1 2/2 toxic 0/2 0/5 3/3 
10-2 4/4 5/5 0/4 0/5 5/5 
10-3 - 5/5 0/4 0/5 5/5 
10-4 4/4 5/5 0/5 0/5 4/4 
10-5 5/5 0/3 0/4 0/5 4/4 
10-6 0/5 04 0/5 0/4 0/2 
10-7 0/5 04 0/4 0/5 0/2 

ID/g1 1.0 x 107 1.0 x 106 none ? 1.0 x 107

Uninoculated 
control 0/5 0/6 0/2 0/2 0/5 

*Does not include animals that died of intercurrent causes, which may or may not have developed scrapie 
had they lived longer.  Five animals were originally inoculated at each dilution. 
1Dilution relative to whole brain.  ID/g of brain 
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